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FOREWORD

The purpose of this hook is to serve as a guide for those secondary school teachers incorporating the use of a computer
in algebra, trigonometry, advanced mathematics, chemistry, or physics classes. While experimenting with the learning
of programming, teachers in the ESEA Title III Project, Problem Solving-Computer Style, revised these outlines. De-
tailed .notes, including many examples and teacher-made exercises, were distributed to the students in lieu of a text.
The programs included here could serve as demonstrations or. assignments. Selected to aid the learning of particular
programming techniques and basic scientific or mathematical principles, these methods represent some possible but
not necessarily most efficient solutions to given problems.

The language used to program these. problems, FORTRAN IV for the IBM 1130, can be easily translated into a lan-
guage suitable for other computers. In the early stages of programming, with the basic arithmetic statements of the
FORTRAN language learned, a minimum of input and output instrucion is given for two reasons: 1) to facilitate stu-
dent imitation, and 2) tO insure early operation of the student's first oi-Igram. Having the student run his first program
early and efficiently in the course provides rnotivatien to pursue ,vi.re difficult problems, dten on the student's own
initiative.

Arranging the material so that it both increases gradu illy in pvog,,ramming difficulty and terrains consistent with the
subject matter being learned as the computer-oriented eiscipline is often quite difficult. Some techniques must be pre-
sented with the least possible detail; complete coverage of these techniques must be deferred until sufficient knowledge
can be gained in the regular course work. Most students are eager to experiment with each new technique as it is pre-
sented, and many seek out applications from topics currently being learned or those previously mastered. The more
adventurous student tries to learn new topics on his own.

Since there are few textbooks on programming available at the secondary level, an sinct-, the manuals provided by
the manufacturer are more suitable as reference books for those already knowledgeaOie in programming, the teacher
must develop his own lectures and notes, particularly for the early stages of instruction. With the foundation estab-
lished, the student should be capable of comprehending the numerous texts and manual:, available for use at the college
or the professional level. If computer time is made available to the capable, interest student, then only encourage-
ment is needed to insure rapid progress.

Perhaps this book of outlines and illustrative problems will be helpful to teachers who are seeking a way to enrich
their courses to prepare students for the "computer revolution-.
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EXPANDED TEACHING GUIDE

Fortran Language Unit I
A. WHAT IS FORTRAN?

FORTRAN is a symbolic language, similar in many ways to regular algebra, which is particularly adapted to
the programming of scientific and mathematical problems. Mane up of 22 different types of statements, FOR-
TRAN was first designed by IBM and some of its customers for the IBM 704, for solution of engineering and
scientific problems. The name FORTRAN is from FORmula TRANslation

B. BASIC ARITHMETIC OPERATIONS

1. Arithmetic And FORTRAN Symbols

Arithmetic Fortran

Addition
Subtraction -

Multiplication X ° (asterisk)
Division / (slash)

.0Exponentiation X
2

(small number elevated to right)

2. Order Of Operations
a. Exponentiation is performed first.
b. Multiplication or division is done next moving from left to right.
c. Addition or subtraction is done last also moving from left tt, right.
d. All operations at each level of "hierarchy'' must be completed before going on to the next level.

3. Use Of Parentheses
a. Computing begins within the innermost pair of parentheses when sets are contained within one

another.
b. All parenthesized expressions must be completely executed before other operations are executed.
c. Within each pair of parentheses the usual rules of hierarchy of operations still apply.
d. The result of operations within the parentheses becomes the quantity used in the overall expression.

4. Constants
a. Numbers which are used to specify knoWn quantities in mathematical expressions are called constants.

Their values do not change through the problem.
b. Those constants which contain a decimal point are in the real mode. Real constants may be greater

than 10"38 but less than 10 +38, and seven digits arc significant. They may be written in the normal
decimal notation or in exponential form, which will be discussed in detail later.

c. Constants which do not contain a decimal point are in the integer mode. An integer constant must lie
between -32,767 and +32,767.

5. Variables
a. Variables are symbols which represent quantities whose values are specified elsewhere in the program.
b. A variable name is used in the FORTRAN expression.

(1) Names may have 1 to 5 alphabetic or numeric characters.
(2) The first character must be alphabetic and is significant to the mode of the variable.
(3) 'No imbedded blanks are permitted.
(4) No operation signs are permitted.
(5) All letters must be capitals.
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6 Arithmetic Modes
a. The mode of an arithmetic expression is determinrd by the constants and variables in the expressiOn.

(1) Real mode.
(a) Constants contain decimal points.
(b) Variable names begin with a letter other than I. J. K, l.. \I. or N.

(2) Integer mode
(a) Constants contain no decimal points.
(b) Variable names begin with I, J. K, 1., NI, or N.

b. If variables and constants are not of the same mode, a mixed-mode expression results.

FORTRAN Expressions
Any single constant or variable, or any combination of constants, variables, and operation signs is
known as a FORTRAN expression. All quantities in an expression should be of the same mode. The
exception to this is that the mode of an exponent need not necessarily agree with the remainder of the
arithmetic expression.

C. FORTRAN ARITHMETIC STATEMENTS

I. A FORTRAN arithnietic statement is made up of a variable name, followed by the equal sign and then fol-
lowed h a FORTRAN expression.

2. The execution of au arithmetic statement is as follows; the expression on the right of the = sign is comput-
ed according to the rules of hierarchy and the result is assigned to the variable whose name appears on the
left of the equal sign.

D. SIMPLE INPUT /OUTPUT STATEMENTS WITH FORMAT

Input statements begin with the word RLAD followed by an open parenthesis, 2 numerals separated by a
comma, a closed parenthesis, and a list of variable names separated by commas. The first numeral within
the parentheses is the code number for the input device to be used, the second is the number of an asso-
ciated statement called a FORMAT, which describes the form in which the data will be arranged on the
input device. 2 is the code for the card or card reader and 6 is the code for data to be entered on the console
keyboard.

READ (2,4) ALT, BASE

2. Output statements have almost the same form as input statements except that the opening word is WRITE
and the code numbers are I for the console 'typewriter and 3 for the printer.

WRITE (3,8) ALT, BASE, AREA

;3. Format statements consist of a statement number, punched in columns 1 through 5, the word FORMAT,
on open parenthesis, format codes, a closed parenthesis. A FORMAT defines the layout of data on a card,
or a printed line.
a. 4 FORMAT (2F8.2)

(1) The FORMAT statement above, associated with the READ statement illustrated in Section DI
causes two real numbers (F code), each punched in 8 card columns and each having two decimal
places to be read into memory. The first number will be stored as ALT and the second as BASE.

(2) CODES
F Real Numbers
I Integers
E Exponentials
A Alphanumeric Characters
H Alphanumeric Characters (literal translation)
X Blanks

b. 8 FORMAT (2X, 'ALTITUDE = ',F8.2,6X,'BASE = ',F8.2,5X, 'AREA =
This FORMAT' is associated with the WRITE statement illustrated above.
2X allows 2 ;paces to be skipped, one for carriage control and one for neatness.
ALTITUDE = everything within the apostrophes is copied by the computer.
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F8.2 allows space for the value of the altitude to he printed. .8 is the field width. .2 specifies 2 deci-
mal places to he printed.

5X allows spacing for neatness.

E. STOP STATEM EN T

1. The STOP statement consists of imiv the word STOP.

2. This statement brings the computer to a Audi and it may not he restarted without returning to the begin-
ning of the program.

ENO S TAT EM ENT

1. The word END is the complete statement. It must he the final step of every program.

2. The EN I) statement does nothing but tell the computer during the translation stage that the program that
it has been receiving is complete. Every FORTRAN program must have EN D as its last statement.

G. CALL EXIT

1. The word CALI. is the standard word in use for using a FORTRAN subroutine. EXIT is the name of a sub-
routine supplied by the manufacturer.

2. CALL. EXIT may be used instead of the STOP statement to stop the execution of a program.

II. FIRST FORTRAN PROGRAM FOR SOLUTION OF A MATHEMATICAL FORMULA.

1. -Coding Sheet

ALIRL_
313EN DOI JR_

R.LA D , 13.A_SE

r_.0 RIM .C.Z F8 _..2)

_A REA = / #-A LT A...13A

Wri.1,T E._ (3_, 8).ALT, BA.SE).AR.EA
AT. 2X, Ti TUDE.

LX i I
8 FoRiyt

CALL

2. Data Card

F8 .2, 113ASE Fe+. 2,5X AR EA

FORTRAN STATEMENT

8.. 22

iDENTIFICATION

0100005 000000 000000000(1000000000000000000000000000000000000000000000000000060
i 12 1 4 5 6 7 8 9 10 11 12 13 14 15 16 17 13 19 20 27 72 2124 75 26 21 28 29 30 31 32 33 34 35 36 37 3819 40 41 42 43 44 45 46 47 46 49 50 51 52 53 54 55 56 57 53 59 60 61 62 63 64 65 66 67 68 69 70 71 17 '; 74 15 16 77 78 79 80

111111 111111111111111111111111111111111111111111111111111111111111111711

212 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

313 3 3 313 3 3 3 3 3 313 3 3 3 3 3 3 3 3 3 3 3 3 3

2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2,2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3 3 3 3 3 33 3 3 13 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

414444444 4444444444444444444444444444444444444444444444444444444444444444
1

51555555555 55155 55555 5555555555 5555555555555 55 5 55555555555555 555 555555555

6166666666666666666666666666.66 6 666666666666666666666 6 66666666666666666666

7:7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7.7 7 7 7 7 7 7 7 7 7 71 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 1 7 7 7 7 7 1 7 7 7

818 8 818 8 8 8 8 818 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 88 8 8 8 8 8 8 8 8 8 88 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

919999999999999995 9 999999999999999999999999999999999959 9 9 9 9999S9999939999
3 I 5 6 7 8 1 10 11 11 13 14 Is 1S II te 19 70 2t 22 23 24 25 26 27 213 23 3LI 31 32 33 34 35 35 17 7d 39 40 11 S2 .3 4; 45 46 47 48 49 50 51 52 53 54 55 58 57 56 73 60 61 57 83 64 65 66 67 63 69 70 71 12

SA R IS,-ALL AMP

11111111

22222222

33333333

4 4 4 44444

55555555

66666666

77777771

88888888 I

99999999
'7 71 15 16 77 71 79 8:

`aiMII11111.MAINNOMil



C.

I. DAT., CARDS

I. Agreement wit".1 FORMATS
It is a good practice to have the card punched with data angle FORMAT describing the data agree. The
following are examples of data cards and aweeing FORMATS.

34.

FON
=MINT

ATE

NUMBER

a. I FORMAT (F7.2)

010 0 0 0 0
112 3 4 5

21! 2 2 2

3:3131

4!4414

55 5 5 5

6L6 6 6 6

7;7 7 7 7

810 8 81

919 9 9 9
112 3 4 5

STATEME

NUMBER

010 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
7 8 9 10 11 12 13 14 15 16 17 16 19 20 21 22n 24

FORTRAN STATEMENT IDENTIFICATION

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
75 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 41 49 50 51 52 53 5' .5 56 57 58 59 60 61 62 63 64 65 66 67 60 69 70 71 72 ',I 74 75 70 77 78 79 8

11111111111111111111111111111111111111111111111111111111111111111

2 2 2 2

3 3 3 3

4 4 4 4

5 5 5 5

8 6 6

7 7 7

8888

9 9 9 9
7 8 9 10
IO)40119157

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

08888888 8 8 8 8 8 8 8 8 8 8 8

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
11 12 13 14 15 16 " 16 19 20 21 22 23 24 25 26 27 28 29

b. 2 FORMAT (3F6.3)

7.560 8.

11111111

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 t 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8

9 9 9 9 9 S 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
30 31 32 33 34 3516 37 32 39 40 11 42 43 41 45 45 47 48 49 50 51 52 53 54 55 56 57 56 59 60 61 97 63 64 95 66 67 68 69 10 71 12 73 14 15 76 77 76 79 81

FORTRAN STATEMENT
0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

112 3 4 5 6 7 8 9 10 11 12 13 14 1516 17 18 19 2D71 222324 75 26 27 28 29 30 31 32 33 34 351637383940 41429344 45 46 47 46 49 50 51 52 53 54

IDENTIFICATION

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
55 56 57 58 59 60 61 62 63 64 65 88 67 88 69 70 71721174 751677 76798

1:11 11 1 11 111 Ill 1 1111 111 11111 111111 11111111 111111111111111111111111111111)1111111

212 2 212 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

31313 3 3 313 3 3 3 313 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 33 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

414 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44444444444444444444444444444444444444444444.4 4

5,15 5 5 5 5 5 515 5 5 5 5 5 5 5 5 5 5 55 5 5 5 5 5 5 5 5 55 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 55 5 55 5 5

6:6 616 6 6 6 6 616 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7;7 7 7 7 7 717 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

N38888818888118888 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 0 8 8 8 8 8 8

919 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
112 3 4 5 6 7 8 8 10 11 12 13 14 15 16 11 it 19 20 21 22 23 24 25 26 27 28 29 311 31 32 33 34 35.315 37 33 39 46 II 42 43 41 45 45 47 48 49 50 51 52 53 51 55 56 57 55 59E0 41 97 63 FA 65 66

1/1/10eF115,

6

2 2,2 2 2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 6 6 6

7 7 7 7.7 7 7 7 7 7 7 7 7 7

8 8 8 8 8 8 8 8 8 8 8 8 8 8

9 9 9 9 9 9 9 9 9 9 9 9 9 9
67 68 69 TO II 12 77 14 15 76 i7 78 79 9



c. 3 FORMAT (F10.4,F12.6)

.1c34 1.453021

FORTRAN STATEMENT 1DCNTIFICATION

010 0 0 0 0 0 0 0 0 000000000 000000000000000000000000000000000000000000000000000000000000
112 3 4 5 6 7 5 9 10 11 12 13 14 15 16 17 1819202122232425262728293031323334353637313940414243444546474145585152535455565755556061626364656667611699971 72'17475767/75795

1:1 I-1 1 1 i 1 1 1 1 1 18 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

212 2 2 22 212 2 2 2 2 2 2 222 2 212 2 22'2 2 2 2 2 2 2 22 2 22 2 2 2 2 2 2 2 2 2 22 2 2 22 22 2 22 21212 212 2 22 2 2 2 2

3:3333 3313333331331333333333333333333333333333333333333333333333333333 33

41444444441444444144444444444444444444444444444444444444444444 4 44444 4 4444

5'555555 55555555551555555555555 555555555555555 555555555555555555555555555

616-4-6 6 66666 66 66 6666 6 66 666666666 666666666 66666 666 666666665 66666 666 666 666 6

*77177777777177777771777 7 7 7 77171177777777777717117177771177777171177711

818888 888888888188888888888888888888888888888888888888888888888888888as a

9:999999999999999999
112 3 4 5 6 7 6 9 10 11 12 13 14 15 16 n 16 19

lam .11011%,

9 99 9 99 9 9 99 9 9 9 99 9 9999 9 9 9 9 99 9 99 9 9.999 9 9 99 9 99 9 9 999 99 9 99 9 9
20 21 22 23 24 25 26 27 2529 341 31 32 33 34 35 37 33 39 40 41 42 4344 45 46 47 48495051 5253 54 55 56 V 56 59 60 8157 634,4 65 66 67 69 69 10 71 7

d. 4 FORMAT (214,F73,16)

23 4 6,222 11234
I

C-coxL, P
STAT.

NUMBER
FOgTRAN STATEMENT

11111111

22222222

33333333

44444444

55555555

66666666

1777771.1

88888888

99999999
71 74 75 /6 77 78 79 6:

IDENTIFICATION

010000000000000000000000000000000000D00000000000000000000000000000000000J00000000
112 3 4 5 6 7 6 9 10 11 12 U141516 171811202122232425262728293031323334553637383940414243444546474849595152535455565751519061626364656116768699971 92'11475/67/71798

1:1 1 1 1 1 1 1 1 1 1 1 1 1 110 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

212122222222211122212222222222222222222222222222222222222222222222k222222

3:338333333313333333113333333333333333333333333333333333333333333333333333
4144444 14444444 4444 41444444444444444444444444444 444444444'4444444444 4 4444

5155555555555555555555555555555555555555555555555555555555555555555555555

EL666666666116666666666666666666666666656666665666666666666666666666666666

1(11 1111711111111111711771717171777 7111111 17717 7177717177117777111.71111117

8:8888888888188888888888838888888 8888688888888888888888888 8 88888888888888

9199999m99999999999999999999999999999999999999999999999999999999999999999999999
117 3 4 5 6 7 3 15 11 12 13 ta 15 16 11151990912223343526 71382330313233343538373839404142 434445464948495051525354555115719518061516364058867686910 n 7311 94159617 98796

11111111

22222222

33333333

44444444

55555555

66666666

77777777

g8888888

20.11181b,

7
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2. Data cards are placed behind the rest of the program after the / XEc).

A blank card must be placed after th6 data cards.

CONTROL CARDS.
1. Monitor Control Cm.ds

The computer disk is loaded with a Supervisor or Monitor, which is a program to coordinate the operations
of a compwing system. The Supervisor controls the transition from job to job. The Monitor Control Cards
needed at this time are:

// JOB Start a new job
// FOR Start a compilation (translation

from FORTRAN to machine language)
// NEQ Load and execute program

FORTRAN Control Cards
These cards may be placed in any sequence after the // FOR. FORTRAN control cards needed at this
time are:

°LOGS (CARD,DISK, 1132 PRINTER, TYPEWRITER,KEYPOARD)

°LIST SOURCE PROGRAM
° JOHN DOE JR.

1.:

Ideltifics all logical I/O devices to he
used during execution of the program
List all program cards
For program identification: will
1N'int on top of every page

rORTHAN Cod.; room

5(t, It mt^a

TOC,S (CARD) )DISK) I 32.10/21-NriZ)TYPE.W?fTE/2., KEYBOARD

7,so R

_

r?(



AFTER
'END'

STATEMENT-

4.
ro. mon- FORTRAN STATEMENT-10c. 'AR.Dr 1132PRINTERF TYPEWRITER. KE'fBDARD)

p .1 rr, I

C:24 t$
.

rAT

STATEMENT

NUMBER 3

DATA CAF DS

FORTRAN STATEMENT

LIST SOURCE PROGRAM

PROGRAM

"/ FOR
2. c

STATEMO
NUMBER// nr

I. C
sTATE,1

S1
FORTRAN STATEMENT

NUMBER

00000000000000000000000 00000000000000000000000000000 00000000000000000000000000
112 3 4 5 5 7 5110111213141511n 11 1120212223212521127211233113132333135313721314111142431445451111115.051525351555115731316.7112263616516114107077 777171757677 71 71

ii 11111111111111111111I11111111111111111I1111111111111111111111111111111111111

2:12112 12 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 22 2 2 2 2 2 2 2 212 2 2 2112 212 2 2 2 2 2 2 2 2 2

3:3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

414 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

i5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

611E 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7:7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

(18888888888888888888888888888888888888888888888888888888888888888888888888888688

99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
117 3 1 5 5 7 1 11011121311,5160,11119212223712521272122341313213113531373232411111243141544171111505152535451 311515b5160 Y157113114 154116169701172117175167771711

1.4.1010115,

F OR' R..N S.. T E INA ENT

IDENTIFICATION

11

FORTRAN ST A TEMENT

IDENTIFICATION

IDENTIFICATION.

0 0 0
71 7110

1 1 1

2 2 2

3 3 3

4 4 4

5 5 5

6 6 6

7 7 7

8 8 8

19219

IDENTIFICATION

IDENTIFICATION

CON TROL CARDS

9

0000
71711

1 1 1

2 2 2

3 3 3

4 4 4

5 5 5

6 6 6

7 7 7

8 8 8

9 9 9
111191:

0 0 0
75 71

1 1 1

2 2 2

3 3 3

4 4 4

5 5 5

6 6 6

7 7 7

8 8 8

; 9 9 9
171111



3. Program Cards

.CS °LT

1.-J I.A.

= .

FORTRAN STATEMENT IDENTIFICATION
3

STATEk Ey1
NUMBER

01000000000000000000000000000000A000000000000000000000000000000000000000000000000
112 3 4 5

1y111111111111111111111111111111111111111111111111111111111111111111111111111111
6 7 8 6 10 11 12 ON 15 16 17 7819202122232425262728293031323334353637383940414243444546474849505159535455565758596061626364656867686930

71 /2'1747576777879

EXIT

8

,oENTgrmer tat
C-c1=T ...

FORTRAN STATEMENTSTATEMENT r'T

NUMBER F,

0100000000000
1 12 3 4 5 6

111 11111

a
Cr.:2.T

0. 00000000000000000000000000000000000000000000000000000000000000000
7 6 9 1 0 1 1 1 2 13 14 1 5 1 6 17 18 192071223324252627282930 31393334 3536 3738 3940 41424344 45464748495051525354555657585960616263646566676869 70 71 22'174

111111111111111111111111111111111111111111111111111111111111111111111111
rORNAT (2X, ' ALTITUDE =" I F8. 2, 5X, ' BASE =I $ F8. 2 5X, ' AREA 7=7:11-, F8.2)

_ . . . . . . . . . .

252677 78 79 60

IDENTIFICATION
t FORTRAN STATEMENTswamp/rm.

NUMBER 3

010000000000
112 3 4 5 6liiiiiiiiii
C-a2LT .t.

00 000 0 00001 0000 0 000. 0000 Ho0 o. oci000Doo 00000lmoopoomo
7 6 9 100121314 1516 171819202122332425282728293031323334353637313940414243444546474849505152535455565758596061626364656663686970 71 72'174757677787980

111 111 111111111111111111111 111111111111111 11 111111111111111111111
WRITE(3,8)ALTIBASE,AREA

___

IDENTIFICATION,- - -
i F ORTRAN ST A TE MENT-

STATEMENT r :!

NUMBER F.:

01000001001.000!0000
027 45 6789
11111111111111111'

80 0 0000000000000000000000000000000000000000000000000000000
10 fluum516 17 u19 20 21 22 27 24 25 26 27 28 2_9 70 71 72 33 u7576 77 317910 c42 u44 046 004950 s,52 51 51 m56 57 m59 60 6162 63 61 65 66 67 68 69 7D 71 n,,11

/111 111-11 111111111111111111111111111111111111111111111111111_
AREA=1./2.NALTATASE

__
_ _ , _ _ .. .. . ..

75 76 n78 79

0ENTiriCATiONC1-.21T .1.-

STATEMENT?
NUMBER r:

FORTRAN STATEMENT
010000 00000000
02345678910fluumismul64202Innvinannan3luxunmpunounn4,0154604mosomummssmnunsomouummusammnn-manunnm
1111111

-

00000 000 00000060000000000000000000000000000000000000000000000000

11:111111111-111111111111111111111111111111111111111111111111111111111
si-.*T(2F8.2)

-c-.21C ., -
. MENTIFICITiON

..STATE .., FORTRAN STATEMENT
NUMBER :

010000000000. 000000000000000000000000000000000000000000000000000000000000
112 3 4 5 6 7 6 9 10 11 12 13 14 151617181920212233242526272829303132333435363738344041424344454647484950515253545556575859606161 18465666788697071 72,174757617

1:1 111111111111111111111111111111111111111111111111111111111111 1111111111111111
"EAD(294)ALT,BASE

9 0 0 0 0 0 00
78798,

IDENTIFICATION

TT 71 75 76 t) 78 79 .

2 2 2 2 2 2 2

4 4 4 4 4 4 4 4

76 7) 79 78 8:

z:z. .

STATE
:4 FORTRAN ST A TEMENT

NUMBER Fi

010 0000000000 0000 00 0000000000000000000000000000000000001000000000000000000000
712 7 4 5 6 7 8 9 ID 71 U 77 N 15 16 17 18 19 20 21 22 27 24 25 26 27 21 29 70 71 72 77 K 75 X 77 317910 I1 42 u M 4516 17 4819 50 51 52 57 51 5556 57 5/ 59 60 81 82 o 64 65 66 67 68 o 70 71 tt

111111111.111111"1111111111,111111111111111111111111111111111111111111111111111
1

212222222222 2222222 2 222222222222222222222222222222222222222222222222222

3:3 3 3 3 3 3 3 3 3 3 3 3 3 3 LL 3333333333333333333333333333333333333333333333333333333333333
1

414 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5:555555655;555;5555555;555555555555555555555555555555555555555555555555555555555

W666666666666666666666666666668666866,6666666686666666666866666666666666666666666
1

*777777777177777777777777777777777777777717177771717777777777777777777777711777
1

81888888888: 8 V 888. 8888888888888888888888888888888988888888888888888881888888888
i

9199999 9999999999999999999999999999989999999999999999999999999999999999998999999
11234567191014120 21 2227 21 25 26 n28 29 3o31 7237 K 7576 37 u79 40 41 42 17 vt1518 17 4819 50 51 5257 345556 57 56 o60 81 52 67 6< 65 86 67 61 69 10 nri,nu75

111K88011%,



4. Printout

PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 0000

// FOR
*IOCS(CARD.DISK,1132PRINTER. TYPEWRITER,KEYBOARD)
*LIST SOURCE PROGRAM

READ(2,41ALTIPBASE
4 FORMAT(2F8.2)

AREA=1.120*ALT*BASE
WRITE(3,8)ALTsBASE.AREA

8 FORMAT(2X0ALTITUDE 21,F8.2,5X0BASE =1,F8.205X0AREA 20,F8.2)
CALL EXIT
END

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 6 PROGRAM 86

END OF COMPILATION

// XE0

ALTITUDE a 2.00 BASE = 5.00 AREA = 5.00

11



FORTRAN LANGUAGE

Unit II
STATEMENT NUMBERS

1. Statement numbers are assigned to FORTRAN statements by the programmer.

2. They are used to serve as an identification when the statement is referred to by another statement in the
program.

3. ['hey are placed to the left of f ae statement in columns I through .5.

4. Restrictions
a. No two statements may have the same statement number.
b. The number may not exceed 5 digits.

B. GO TO STATEMENT

The GO TO statement is used to change the sequential order of execution of program steps. It is one of the
FORTRAN control statements and is sometimes called an unconditional branch.

2. This statement consists of the words GO TO followed by a statement number, for example:
GO TO 30

3. The statement following any CO TO statement must be numbered.

C. COMMENT STATEMENTS

I. Comment statements allow the programmer to insert comments or directions. These will not appear in the
output unless a special control card is used. A well documented program will use many such statements.

2. C is placed in column I of the FORTRAN statement card. The comment may he entered in any manner on
the balance of the card.

D. SAMPLE CONTINUOUS LOOP PROGRAM

C THIS IS PROGRAM TO FIND THE AREA OF A CIRCLE WHEN THE RADIUS IS
C ENTERED ON A CARD.

30 READ (2,1) RAD
1 FORMAT (F8.2)

AREA= 3.14°RAD"2
WRITE(3,2) RAD,AREA

2 FORMAT(2X,'ilADIUS=,F8.2,5VAREA=',F8.2)
GO TO 30

50 CALL EXIT
END

13
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FORTRAN Coding Form

. .. i- . . . .

Lej .114 _IS _ft PR.Off-kftn a F .11D :01g
,19_g_lt_t_r4.. le_EO__.6../L.A_.LcitteD

ii- 1, .3.01_ R to Ci ___(.2., A V F4AD I_

. 1' FC.Ati.A...T. .-(.P g. .2).
',9Rf); ... 3 ( .4./..x.IZAa )0( 2

_4,iR_Lr4 0, Z.) K,92 7B-__Kkri.
_i_...___2....F_GtemA-1-__

I.-
i_t> 10 30 _1_

i b_0, 1Cf1-..LL EXIT-I
e-J,JD

Ii,/ .x0R
2,. 1

7,,1
,-- _i

0_4
1 3 . 5_1

TkAN ,17.,'. er..

gP 2)1_PRE
1--

=

14



//
r
r-,

i

9

id

DI

,
.

I

1
ND

..... ......._ I

30 TO 30

rEIRMIT(2X, RADILIS=' F8. 2, ..5 I AREA=' 2)

1RITE(392>RADOREA
. ,

I rREA=3.14*RAD1m2

-1ItINMT(F8..2)

-3.EAD(23

fftitERED 3H A CARD

STATEME

NUMBER

0100, '00
112 3 4 5

41

If I A PROGRAM TEl FIND THE AREA OF A CIRCLE 'MEN THE RAiliUS IS
77 II r I

VV V U V V
UMW . W R RAiv3,1 imTATE16I&NT Ts

IDENTIFICATION

oa loo °mom° (lona ob moomomoacoom opoo mom oa ooe000000000
7 8 9 10 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 14 35 36 37 38 39 MI 41 42 43 44 45 46 97 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 11 72 ,1 74 75 76 77 78 79 8

1:1111111111 111111 11111111111111 11 lilt

2122222 22 222'1222222222222222222222222222

'133' 33333333333333333' 3333333' 33333333333

414444444444444444444444444444444444444444
1

IL. IL.

5155555555555555'55555555555'555511555'55555

6166666666666666'666666 '6 '6666666666666. '6
1

7:777777777771 u 77 777777777777777777777777

mocassolioaaass000magoaaaaa;maoaageo

9119999 99 99999
11 2 3 4 5 6 7 8 9 10 11 12 13 14

1104 111411115+

99 9999999 99999999 999999
15 16 11 63 19 20 21 22 23 24 25 26 27 241 29 36 31 32 33 24 15 36 37 33 39 40 11

111111111111111111711111111111

2.2222222222222222222222-22-2122

33-33".'3333333 3333333333333333

44444444444444444444-4144444444

5555555-555-55555555555555555

666666666 .666666666666666666666

777777i111717171777717777777777

somoaasailmakaasaseasoems

999 9999999999999:99 999'99999
42 43 44 45 46 47 43 41 50 51 52 53 54 55 56 57 55 59 60 51 52 63 64 05 66 67 68 69 10 77 12

PROGRAM CARDS AND DATA CARDS
AREA OF A CIRCLE

15

11111111

22122,222

33333333

44444444

55555555

66666666

77177117

88688888

99999999
737115767718799:



PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 0000

// F
*10CS(ORCARD,DISK,1132PRINTER.TYPEWRITER.KEYBOAPD)
*LIST SOURCE PROGRAM
C THIS IS A PROGRAM TO FIND THE AREA OF A CIRCLE WHEN THE RADIUS LS
C ENTERED ON A CARD

30 READ(2,1)RAD
1 FORMAT(F8.2)

AREAF3.14 *RAD * *2
WRITE(3,2)RAD,AREA

2 FORMAT(2X0RADIUS=6F842,5X0AREA=6F8.2)
GO TO 30

50 CALL EXIT
END

UNREFERENCED STATEMENTS
50

FEATURES SUPPORTED
10CS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 4 PROGRAM 72

END OF COMPILATION

// XEQ

RADIUS= 2.00 AREA= 12.56
RADIUS= 17.00 AREA= 907.46
RADIUS= 105.00 AREA=34618.50
RADIUS= 13.59 AREA= 579.92

OUTPUT - THE AREA OF A CIRCLE

16



E. IF STATEMENT

I. IF statements are used to cause the computer to bran to one of three possible statements, depending on
the value of a FORTRAN expression. This is known as a "decision.

2. The form of the IF statement is the word IF, followed by a pair of parentheses containing a FORTRAN
expression, followed by exactly 3 statement numbers separated by commas.

IF (X-Y) 60,20,40

3. Execution The expression within the parentheses is evaluated. If the value is negative the next state-
ment to he executed would be statement 60, if the value is zero, statement 20 will be executed next, and if
the value is positive, statement 40 will be executed next.

F. BASIC FLOWCHARTING SYMBOLS

I.

2.

3.

4.

5.

processing

output

input

CD
subroutine

decision

17

6.

7.

8.

9.

terminal (start or end)

connector

flow direction

N=1,2...

offpage connector



H. INTRODUCTION TO FLOWCHARTING

1. A flowchart is defined as a graphic representation of a sequence of instructions to accomplish a given task.

2. Used as a basic step t!) problem solving. flowcharting becomes essential as the difficulty of the problem
presented increases.

:3. Flowcharting a Non-Mathematical Problem
a. Problem Go to the :3rd floor of a building from the lobby, using an elevator.

b. Step by Step Solution
(1) Walk to elevator.
(2) Is car at your level?
(3) If yes:

(a) Enter car.
(b) Push button marked 3.
(c) Wait for car to stop at 3.

e. Flowcharted Solution
(d ) Wait fer door to open.
(e) Leave elevator.

(4) If no:
(a) Press down button.
(b) Wait one minute for car.
(c) Go to step 2.

Enter
Car

Push
Button

Marked 3

Wait For
Door to
Open

Leave
Elevator

Walk to
Elevator

18

Press
"Down"
Button

Wait One
Minute for

Car



4. Flowcharting a Mathematical Problem
a. Problem

(1) Read the 3 coefficients of a quadratic equation from each card.
(2) Determine the nature of the roots of each equation.
(3) Print out an answer.

b. Step by Step Solution
(1) Read coefficients.
(2) Compute the ti,,;.!-minant, b 2 -lac.
(3) Is the discriminant, -,O,or +?
(4) If negative, write, -Roots are complex-.
(5) Is this the last problem?

(a) If yes, end program.
(b) If no, read another card.

(6) If positive, write, Roots are real and unequal-.
(7; Cu tr) step 5.
(3) If zero, write, "Roots are real and equal-.
(9) Go to step 5.

c. Flowcharted Solution

( Start

Beadle
a,b,c

c3i)



it

Write
RootsRoots
Are

Comp le

Write
Roots Are
Real And1

Write /
Roots Are
Real An

no

( End

20



d. Coding Form

IBM
NATRO

1- JOHN DOE JR.

.

Pito GRIM
21 RE kb ..(.2 ...11)..A,13, C. .

1 FORM AT .(3F6..1) .

DISC R. 11;**2-4.AA*C
( DzsCR) 4,6,8 .

C

5 F.O.R.MATT z 1.,1.6, 1.7 2X.,

GO. TO_ -.2.1-
.6

..
,WRI.T E. (3, 9)A,.13i,.C.

9 1FORIIA.T ( 2.X , , F6. 2Y,
1AN.D. 11.14E etuAL.'_)

1G.o T O. 2.1. .

6 VR.r.T E (.3., 7 ).A,.131.0
. 7 FORMAT_ .(2A,.! A.= ' 3.F.6 . 1 , -2

EQUA.I.
G.0 TO. 2.1.

EXIT

THE NA I.U.R E

Cm/mil F.,

OF T HE R0 0.15 A. cl1)U,A.RAT I C ---1Q U A T 10./11

F 6. 1,

F.6 1.,

16. 1,

Zr,.'

zx '

,

= , F6.1, 2Xj, 'ROOT ARE CoMPL

F 61, 2X , aR00TS A Flit.

.1,2)4,1ROoTS AR

REAL

E R EAL

21



TEND

'--4--1LL EXIT

r_,. a_

11

_0 TO 21

ND EQUAL')

e ORMAT (2Xs.'A=',F6. 192X, 11)--=',F6.1,2X, '1:=19F6. 192XsIROOTT ARE REAL

rs .6114RITE(3,7)AYBIC

Ir.,-,3+, ii-,

pa TO 21

1.
C TOariNT Er.
' 1 ND UNEQUAL'.)

. . .

r r

1 I

I

1 1

1

1 .1

1

9I FORi'1AT (2X0A="11F-6.1,2X0B=',F6.1,2X0C=1,F6.1s2ROUTS" ARE REAL

11

.

ITE<3,9)AvBsC

r
Lis0 TO 21

I

ORMAT <2XsiA=1_,F6.1s2X01='.,F6.1s2X0C=',F6.1s2WROIrrT ARE CO[

TRITE(3,5)AsBsC

FF(DISCR)4,613

IrISCR= BIE)112-4. XAmC

11 FORMAT (3F6, 1)

lEj
211 rEAD(2, 1)As Bs C

THIS PROGRAM WILL FIND THE NATURE (]F THE ROOTS OF A QUADRATIC EQUATIO

czar
STATE

NUMBER

010 00
112 3 4 5 6

1:11111

)2 2 2 2

13 333

4144444

51,55555

64 6666

7:7 7 7 7 7

I
81881,88

9:999' 9
II 2 3 4 5

11 9 10 12 4 6319 13 FOROTRA4,N ; ST .4-sfeME11oJT 19 16
ibENTIFICATICAI

000000000 000000000l oo-Fro-Tr000000 000000 0000000 0000 00000 0 00000m000
7 8 9 10 11 12 13 14 15 16 17 18 19 20 31 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 S4 55 56 57 58 59 60 61 62 63 34 65 66 67 6.3 69 73 71 72 T174 75 76 77 11171

1111111111111111irmillimilliiiiiiii:111711-1111111 1111.1111111

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 222222222222222222222222

33333333333, 333333 33333r3333333 333333 3333333333333.3-33333 333
4444444-444444444r444444444444444444444444444444444444444 44444
5555555555555555 5555 5 5555 555555 5555555555555555555555 555555

666 66666 6666 666666666666666 666666 666 6666666666666666666 6

7'77' 777777777777777777777777777777777777777777777777777777777 7 7 7 7

888888813888888888888;88888888888884188888888888888888888888i6888888
. .

99.199 9 9 9 9 9 9 9 9 9 9 9 99 9 99 9 9 9 99 9i.9 9 9 9 9 9 9 9 99 999 99 99 9 9 99 9 999 99 9 99
7 3 9 10 11 12 13 la 15 16 I7 IB 19 20 21 27 23 24 25 26 27 28 29 3U 31 32 33 34 35 36 37 3a 39 40 7 i S2 u N 45 46 47 48 49 50 51 52 53 54 55 56 57 sb 59 60 81 57 63 W 65 66 67 68 69 7Q 72

nmeisaw,

PROGRAM CARDS NATURE OF THE ROOTS OF A QUADRATIC EQUATION

22222222

33333333

44444444

55555555

666666.65

7 1 7 7 7 7 7 7

88888888

99999999
nqnunwou



(_co . LL
2.41 3.0 4.0

r 2.§.19_12.0 9.0

r '10 12.0 16.0

r 12.0 3.0
r-

ol 24.0 9.0

"7:Otao.° 3.0

51 10.0 50.0

9.61 6.0 1.0

a FORTRAN STATEMENTSTATEMENT

NUMBER

o;oopo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

112 3 4 5 7 8 9 10 11 11 13 14 15 16 17 18 19 10 21 11 23 24 25 26 17 N 29 30 31 31 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 51 53 54 55 56 57 59 59

111111 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

212 2 2 2
1

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2

31333 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

414 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1

515 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5

616666 6 6 6 6 6 6 6 6 6 6 6 66 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

7:7 7 7 7 7 7 7 7 7 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 777 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7

8:8'8 8 a 8888 88883 8 8 8 8 8 8 8 8 883888883888888888888888888888888 8

9:9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9
112 3 4 5 7 6 3 10 11 12 13 14 5 16 U 18 19 20 21 22 23 24 25 26 27 26 29 3U 31 32 33 34 35 36 37 33 39 40 17 42 43 44 45 46 47 48 49 50 51 52 53 51 SS S6 57 58 59

111449811111,

UNNTIFIUTiON

0 0 0 0 0 0 0 0 0 0 0 0 0

60 61 52 63 64 65 66 62 69 69 70 77 12

1 1 1 1 1 1 1 1 1 1 1 1 1

2 2 2 2 2 2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6 6 6 6 6 6

7777777 7 77777

8 8 8 8 8 8 8 8 8 8 8 8 8

9 9 :1 9 9 9 9 9 9 9 9 9 9
60 61 57 63 64 15 66 67 68 66 10 n 72

DATA CARDS - NATURE OF THE ROOTS OF A QUADRATIC EQUATION
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0 0 0 0 0 0 0 0

"+74 75 76 77 79 79

. 1 1 1 1 1 1 1

2 2 2 2 2 2 2 2

3 3 3 3 3 3 3 3

44444444

5 5 5 5 5 5 5 5

6 6 6 6 6 6 6 6

7 1 7 7 1 1 7

8 8 8 8 8 8 8 8

9 9 9 9 9 9 9 9
137415161770199:



cAprint(mt

PAGE 1

// JOB

LOG DRIVE CART AVAIL PHY DRIVE
0000 0002 0000

// FOR
*IOCS(CARD.DISK.1132PRINTER.TYPEWR/TER.KEYBOARD)
*LIST SOURCE PROGRAM
C THIS PROGRAM WILL FIND THE NATURE OF THE ROOTS OF A QUADRATIC EQUATION

21 READ(2.1)AoBoC
1 FORMAT(3F6.1)

DISCR= B * *2- 4. *A *C
IF(DISCR)4,6.8

4 WRITE(3,5)A.B,C
5 FORMAT (2X0A=..F6.102X0B=1.F6.1.2X0C=..F6.1.2X0ROOTS ARE COMPL
1EX.)
GO TO 21

8 WRITE(3.9)A.B.0
9 FORMAT (2X0A=1.F6.102X.°8=',F6.1,2X0C=1.F601,2X.IROOTS ARE REAL
LAND UNEQUAL')
GO TO 21

6 WRITE(3.7)A.B.0
7 FORMAT (2X0A=..F6.1.2X0B=1.F6.1,2X0C=*oF601.2WROOTS ARE REAL
lAND EQUAL')
GO TO 21

15 CALL EXIT
END

UNREFERENCED STATEMENTS
15

CART SPEC
0002

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES

END OF COMPILATION

// XEQ

A= 9.0 B= C= 1.0
A= 3.0 B= C= 50.0

'A': 16.0 R:
-20.0

E: -3:8
A= B= 12.0 C= 340
As 3.0 B= 1240 C= 16.0
A= 9.0 B= C=
A= 2.0 B= 3.0 C= 4.0

10 PROGRAM

ROOTS ARE
ROOTS ARE
ROOTS ARE
ROOTS ARE
ROOTS ARE
ROOTS ARE
ROOTS ARE
ROOTS ARE

182

REAL AND EQUAL
COMPLEX
REAL AND UNEQUAL
REAL AND EQUAL
REAL AND UNEQUAL
COMPLEX
COMPLEX
REAL AND UNEQUAL

OUTPUT - NATURE OF ROOTS OF A QUADRATIC EQUATION
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FORTRAN LANGUAGE

Unit III
A. COUNTERS

Counters are used to cause a program or a part of a program to repeat itself a designated number of times,
or to produce an output which records the number of items which have been processed.

Several statements are required to construct a counter.
a. The value of an integer is initialized at the beginning of a program.

N=1
b. After the FORTRAN statements which solve the problem have been completed, the counter is in-

creased by
N +1

c. The current value of N is tested against its limit; if it reaches its limit, the program progresses to a new
set of procedures.

IF (N-100) 5,5,10

B. A PROBLEM WITH A COUNTER

I. Problem: Find the sum of the odd integers from I to 99.

2. Solutit
a. Decide on variable names.

(1) ISUM sum of the integers
(2) NUM - numbers to be added

b. Flowchart tiie problem.

25
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IBM

c. Coding Form

PRAGRAK.141t.t; FIND; TNT. ;Suri

,NUM-;1
f

5, .ISUM=ISUM*N4M
N UM-AU M A. 2;

.15 (MUM- 99)5, 5,10.
10; WIR /Ii( 3, 2:0) IS001

20. fORMAT(.2.t;,.TH SUM i0F THiE 00Di
.CALL;

E ND

1041).') .1:.,I Yorp,

of TH

d. Flinched Cards

INT E.

OD.D
T

1ZNTE 0,1S_ FROM
1

70 .

0E R.S. ;F.140 M jr1

I-1 Ir-z-k4I --
I-Ir ---

r .. rOR

al

1

1.

ALL EXIT _
]E.

fORMATC2XI'THE SUM OF THE ODD INTEGERS FROM 1 TO 99 Is Tie)
IL _ _ - __ _

rRITE(3,20)Isum

IF(NUM-99>5131 10

riM=NUM-1-2 --

..: rUM=ISUM+NUA

1

___

I.SUM=0 --
_ fiLif:

t,,

COMMENT

PROGRAM WILL FIND THE SUM OF THE ODD INTEGERS FROM 1 Ta 990

6 9 IC 12 14 , 11 15 23 FOR T"RAN S'-141 A T EuMENPIT 15 15 57 12STATEMENT;
NUMBER '0:

-070-16
)1 2 3 4 5 6

1: 1 111111111i;
i

212 2 2 2

r3 3 3 3

414 4 4 4 4

51I 5 5 5 5 5

1

616 6 6 6 6
1

7:7 7 7 7 7
i

8:88488888888888888
1

99 9 5 9
112 3 4 5 6

000000000i 000000000 000 00000 000000000 0000 00000000 ooThoomo[
7 8 9 19 11 12 13 14 15 16 17 16 19 20 21 22 23 24 25 26 27 26 29 30 31 32 3374 35 36 37 35 79 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 54 65 66 67 68 66 10 71 12 '

1111111111111111111.11111111111111111111111111 11111111111111

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 :

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ' 3 3 3 3 3 3 3 3 3 . 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 !

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 r 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 !

6 6 6 6 6 6 6 6 6 6 6 6 . 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 I

7 77 7 7 7 7 7 777777777777777777777777 7 7 717777 71171177 1 7 7 7 7 7 7 7 7 7 7 7 7 7 7 ;

98888888"8888881388 0 13 8888888888888888888888888885688888BI

9 9 9 9 9 999 9999 95999999999 9 9999999999 99999 999 99999999 9999999!
/ 8 9 1051121314 ISIS UM 1920242223247525272929]11',/ 3237343536777639494142434445464745495051525394555)15758596051626364656667686910 /I /21
IBM BA Si Ih>

PUNCHED CARDS FOR THE SUM OF ODD INTEGERS

DENTWICATION

0 0 0 D 0 0 0
74576nm/9
1 1 1 1 1 1 1

2 2 2 2 2 2 2

3 3 3 3 3 3 3

4 4 4 4 4 4 4

5 5 5 5 5 5 5

6 6 6 6 6 6 6

7 7 7 7 7 7 7

8 8 8 8 8 8 8

9999999
7475761778T9 9.



c. Printout

RAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0001 0001 0000

// FOR*tocstcARDousK 2PRILATER.TYPFwRITERaKFYBOARDLOARD
* LIST SOURCE PROGRAM
C THIS PROGRAM WILL FIND THE SUM OF THE ODD INTEGERS PROM 1 10 99.

1SUM=-0-
NUM=1

5 ISUM=ISUM+NUM
-7---NUM=NUM+2

AF(NUM-99)5#5,10in wRJTE(3412,0)TSUm
20 FORMAT(2XOTHE SUM OF THE ODD INTEGERS FRUM 1 fU 99 IS'.16)

CALL EXIT________END_.

FEATURES SUPPORTED

CORF RROUIRFMENTS FOR
COMMON 0 VARIABLES 4 PROGRAM 94

-COMP H. A T I ON

// X EQ

THE SUM OF THE ODD INTEGERS FROM 1 TO 99 I S 2500

C. COLUMN HEADINGS

1. Instead of identifying each term in a set of answers, it may be convenient to list answers under one set of
column headings.

2. Procedure
a. The WRITE statement, without a variable list is used.

WRITE(3,24)
b. The FORMAT statement used in combination with the WRITE contains the headings. Care must be

taken to allow for spacing between headings so that columns will be neatly spaced and headings either
centered above or right-adjusted.

24 FORM AT(2X,' RA DI U S',5X,' AREA' )

D. DO STATEMENTS

I. The DO statement is a single statement which combines the 2 operations which control a loop, the counter
and the IF.

2. The statement consists of the word DO, a statement number, and an index definition.
DO 20 I= n 3

3. The index definition consists of a non-subscripted integer variable, an equal sign, and 2 or 3 integer quanti-
ties (constant or variable), separated by commas. The first integer is the lower limit of the loop, the second
is the upper limit, and the third is an optional increment. If the increment is not specified, it is assumed to
be 1.

27



4. Execution
a. The computer sets the index variable equal to the lower limit.
b. All statements up to and including the statement number in the DO statement itself are executed.
c. The index variable is increased by the increment, or by 1. if no increment is specified.
d. The current value of the index is checked against the upper limit. When the index reaches its greatest

possible value without exceeding the upper limit. drop out of the loop.
e. Flowchart of a DO loop.

Steps
of

Program

I=n

Perform
Some

Arithmetic
Operation

no

Initialize index variable

es

ncrement index
variable

E. CONTINUE STATEMENT

Compare index
variable with
upper limit

Continue
in the
Program

This statement provides the DO statement with a reference number in a loop which might otherwise end
with a control statement, e.g. IF or GO TO.

2. It consists of only the word! CONTINUE.

F. A PROBLEM USING A DO-LOOP

1. Problem Find the squares, square-roots, cubes, and cube-roots of the integers from 1 to 100.

2. Flowchart
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3. Coding Form

IBM

Write
Column

Heading

Start

N::1

SQ:REALN *
REALN

ROOT2::
REALN **.5

ROOT3;
REALN **(1/3)

Write
SQ, ROOT2

CUBE
\.ROOT3

MURANtothmFam

IC)AlltAN ',TA TH0Eril

-__
f

SiLi___
_IT_H_I P RAGA A.14__W 1 L L E.I.N

E R S _ .F

, ZX , 1

_

1_ . /3 .

E6 .0.,..2)t,

1

;

b T
R 0 M_..1_

SQuAR

)
2, CiktL,ROOT3

N E _ _ % . c i L i A A E.. ' ' . , _ % c k . Aft F . - k 0 - 0 S _ _ % C - . L i i i $ D___ C . . . 1 0 2 , E--

C1_ __
. -_1

r
-I

4-

._ 2
_0_

_t11.0_03-1S..

__Id RI TIE

TO RKAT
D.J. 20
R. AQ_!-.L

R

C lot Bt.
R_00_1"

R 0 OT
WRI.TE(3,
F ORMA
CO.N.T
CALL
END

0.F _
( 3 , 1)

(2X
N+1,30

E. A 1 N *TM

w.R EA LIN*
21, R E.A1.1/*_*

3 = REA
21)N,

T.(..2 X,_
I.N_Ll E.

EXIT

I..N_T_E_Cr

.

, ItiO j

Al. NI
* 3

.3
LP1*- * (

S.C1,1100T
I S,_2ik,

-

_ _

10_3

f.' , 2X,

F_6-.2_,

~
1

0

' St? .

ix_,_ F6

RT . ' ,

..0._,,2X

2X,'-

,.F 6 -2

CUBE_

-

)_

, 2X., ! C.11 . RT

-
. )

-
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4. Program Cards

11
riD _

ALL EXIT

sIONTINUE

. .

_ _

tr

ORMAT(2X9I392X9F6.0,2X,F6.2,2X,F6.0,2X9F6.2).

4R.I T= C ^, ) N 6 :"*:1), RODT29 CUBE, ROOT?

rODT3=REALN4A(1.,-.3.)
c.

ir
ra0T2=REAL11:10K. 3

flJBE=REALW3

=REALIPEREALN

REALN=N

r
0 20 N=1,30

'SQUARE'7.2X0SQ.RT.',2X,' CUBE 1,2;47T.U.RT.1)

1

11 rORMATQWN01,2X,

--, _ 1.!

ICI

I TS OF' INTEGERS FROM 1 TO 30.
1

II

_.,.. La
HIS PROGRAM WILL FIND THE SQUARES, SQUARE ROOTS, CUB AND CUBE

1n_c. rt.
...: Coi."!..T .=

UUU U u ?:2: F20 R 1- R Aosl it S T A -4:4 E N-ilE ts-41.5-11;2 15
mon' WICATION

22

0100000 00 000000000 .090000000 000 0 000 0 0 0000000 00 00 000000 00000000000
112 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 ID 19 20 21 22 23 24 25 272 27 25 21 30 31 32 33 34 35 36 37 38 39 40 41 42 43 4.4 45 46 47 48 49 50 51 52 53 54 55 56 57 25 59 60 61 62 63 64 65 65 67 68 69 70 71 72 '1 74 75 76 77 18 75

Om mum!! immmitititill 11111111 1111111111111111111111111.1111111
i

V22222222 22222222222222222222222 22222222222222222222252722222222-2222222222
1

133333 33333333333333 333333 3331333333 33333331333.33r1333.13333'333313333333

44444444444444444 444444444!.4444444 444444444444444444444444444-44-44444444444

5155555555555555555555555555555 5555555555555555555555555-5555-55555'565555555
s

61666666666666 66666 6666 1;5666666666666666666666660666.6,66666660666006666660660
1

7117717777771 77 77177777777777777777777777777777777111171/71777771711171i71711117
I

81868868688888860888888888888881 1 4888i588888i188.18668C:P86EFT:i?:88888888888888688

9119999999.999 99 9999 9999 99999999999 99995523 95 "i:.SE.S.S:999999999999999999
11224567691516 17181920 21 22 n242520 27 2829 30 31 12 3334 35 36 2732 39 40 11 4243 4443,0.4748 495.153 54 5558 a59 eolo92 6164 65 66 e68 59 10 nIu1415 16 17 1D 79 e

1$1451181%,

A PROBLEM USING A DO-LOOP
SQUARES, SQUARE ROOTS, CUBES, CUBE ROOTS
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5. Printout

PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 0000

// FOR
*IOCS( CARD,DISKt1132PRINTER,TYPEWRITERIIKEYBOARD)
wLIST SOURCE PROGRAM
C THIS PROGRAM WILL FIND THE SQUARES, SQUARE RO013, CUBES, AND CUBE
C. ROOTS OF INTEGERS FROM 1 TO 30.

WRITE(3,1)
1 FORMAT(2XON0',2X,ISQUARE9,2X,'SQ.RT.1,2X,' CUBE ',2X,'CU.RT.1)
DO 20 N=1,30
REALN=N
SQ=REALN*REALN
CUBE=REALN**3
ROOT2=REALN**.5
ROOT=REALN**(1./3.)
WRITE(3.,2)N,SQ,ROOT2,CUBE,ROOT3

2 FORMAT(2X,13,2X,F6.0,2X,F6.2,2X,F640,2X,F6.2)
20 CONTINUE

CALL EXIT
END

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES

END OF COMPILATION

// XEQ

NO SQUARE SQ.RT. CUBE

14 PROGRAM 142

CU.RT.
1 1. 1.00 1. 1.00
2 4. 1.41 8. 1.25
3 9. 1.73 27. 1.44
4 16. 1.99* 64. 1.58
5 25. 2.23 125. 1.70
6 360 2.44 216. 1.81
7 49. 2.64 343. 1091
8 64. 2.82 512. 1.99
9 File 2.99 729. 2.08

10 100. 3.16 1000. 2.15
11 1210 3.31 1331. 2.22
12 144. 3.46 1728. 2s28
13 169. 3.60 2197. 2.35
14 196. 3.74 2744. 2.41
15 225. 3.87 3375. 2.46
16 256. 3.99 4096. 2.51
17 2R9. 4.12 4913. 2.57
1A 324. 4.24 5832. 2.62
19 361,. 4.35 6859. 2.66
20 400. 4.47 8000. 2.71
21 441. 4.58 9261. 2.75
22 484. 4.69 10648. 2.80
23 529. 4.79 12167. 2.84
24 576. 4.89 13824. 2.88
25 625. 4.99 15625. 2.92
26 676. 5.09 17576. 2.96
27 729. 5.19 19683. 2.99
28 784. 5.29 21952, 3.03
29 841s 5038 24389. 3.07
30 900e 5.47 27000. 3.10

The square root of 4 is not 1.99. Errors of this type are due to use of real number arithmetic. In the print oper-
ation there is no rounding off. All extra decimals are simply dropped (truncated). Adding .005 to each quanti-
ty before printing would perform the appropriate round-off.
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C. SUBSCRIPTED VARIABLES

1. Subscripts are used to identify one value of a list of values, having the same name. In FORTRAN_ a list is
known as an array.

2. Subscripts arc integral constants or variables greater than zero. They are written in parentheses immedi-
ately after the variable name.

AG E(4), DATE(N)

3. Rests ictions when expressions are used only those listed are permissable.
a. Variable plus or minus a constant.

AGE(N±-1)
b. Constant multiplied by a variable.

DATE(2"N)
c. Constant multiplied by a variable plus or minus a constant.

GRADE(2°N+ 1)

H. DIMENSION STATEMENT

1. DIMENSION statements are used to reserve storage space for an array of values. Any program which con-
tains subscripts must also have a DIMENSION statement.

2. The word DIMENSION is followed by a list of variables of any mode separated by commas. Each variable
is followed by a pair of parentheses which contains a number. The number designates the size of the array.

DIMENSION AGE(10),DATE(10),NCODE(10)

3. The statement must be before any exc.: .: statements of the program.

I. PROBLEM USING SUBSCRIPTS

1. Problem Read a list of 50 numbers, punched one to a card, and print the list and the sum of these
numbers.

2. Flowchart
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:3. Coding Form

reM FORTilAti EctlIng Farm

FopiRAN 5wv...EW

1.
1 r I I

T 3.

li

_THIS __P.RO G..flAA1 k/I_LL
_Nutc11ER5 616T E LE
THE NUM RS ARE PR

'DIMENSION A(5
SUM=O.
o. 5 1=1z50
E AD( 2, 1 ) A( 1)1

F" 0 (F 7, 2.)
SUM* StentA(1 )
WRi7E.(3, 2)A(1)

2 F0 R A.T(F9 2)
_5 C ON:r 1N tikE.

Fs t_TE.(.3,.1)SLo4
3 ro_ft v1A-r_C z 1.._S Lim

fiil....)L eX1

READ. A LIST 0_2 50. _Nuft15_E_RS, _P.uNle...RE.D .p.N_E 1'10. A CARD.
S.S. ..T.1-1 AN.. .T.RIE A.E.So L.u:T.EJ VALALt.. f/ F. /0 o.o._IT o_ -r NE E VT....A.10,13R E.DTAi_.
LNT.E _AND. 1Ttf.EXR _SLIM x C.c"Pu.7 E D.

.

.

.._ .

. 2)

4. Printout

// FOR
*IOCS(CARD,DISK ,1132PR INTER
* LIST SOURCE PROGRAM
C THIS PROGRAM WILL READ A LIST OF 50 NUMBERS, PUNCHED ONE TO A CARD.
C NUMBERS MUST RE LESS THAN THE ABSOLUTE VALUE OF 1000 TO THE NEAREST
C THE NUMBERS ARE PRINTED AND THEIR SUM I S COMPUTED.

DIMENSION A( 50 )
SUM=0.
DO 5 I=1 50
READ( 2 ,1 ) A ( I )

1 FORMAT ( F7,2 )
SUM= SUM+A ( I )

WRITE(3,2 )A( I )

2 FORMAT ( F9 )

5 CONTINUE
WR I TE ( 3 ,3 ) SUM

3 FORMAT(2X,'SUM=',F9.2)
CALL EXIT
END

FEATURES SUPPORTED
Incs

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 106 PROGRAM 96

END OF COMPILATION

// XEO
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3F1.00
39.00
4R .00
20 On700
-P.00
17.00
19.00
24.00
25.00
26.00
27.00
21.00

- 27 .On
23.00
30.00
31.00
32.00

- 33.00
34.00
35.00
15.00
16.00
19.0044,00
45.00
43400
13.00
40.00
3.00
4.00
1.00
5.00
6.00
9000

14.00
2A.00
10.00
41.00
42.00
11.00
12.00
46.00
47.00
36.00
37.00
29.00
2.00

49.00
50.00

SUM= 1149.00
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FORTRAN LANGUAGE

Unit IV
LIBRARY FUNCTIONS

1. The manufacturer provides a package of programs to solve some of the most often used mathematical
functions, such as roots, logarithms, and trigonometric functions. These are called "'library functions...

2. A name is assigned by the manufacturer to each library .function. SQRT is the name for the function which
computes the square-root.

3. The quantity which the computer needs to compute the desired result is called the argument.
a. All library functions have one or more arguments.
h. Arguments may be:

(1) Variables
(2) Constants
(3) Legal arithmetic expressions, even those containing parentheses and other functions

4. The function statement consists of the name of the function followed by a pair of parentheses containing
the argument or arguments.

5. The computer stops executing the main program while it computes the function. When the result is found
the computer returns to the main program with this result, and continues the sequential execution of pro-
gram steps.

6. Standard library for the IBM 1130. (see chart)

LIBRARY FUNCTIONS - IBM 1130

'unction
Name Comments

Mode
of

Function

Mode
of

Ar ument Example

SIN(A) argument in radians real real Y = SIN(A)

COS (A) argument in radians real real Y = A 4 COS (Z)

TANH (A)

hyperbolic tangent
argument in radians real real C = TANH (A*Z )

ATAN (A)

angle whose tangent is
real real ANGA z ATAN( TANA)

A; tan -1(A)

SQRT (A) a rgument>0 real real HYPOT = SQRT(A**2 B*1:2)

EXP (A)

exponen t ia 1 - di

real real POWER :.7 EXP (Y)

ALOG (A)

natural logarithm logeA
argumen t>0 real real Q = SIN(F) - ALOG(5.0)

ABS (A)

absolute value
real real ARO OT = SQRT (ABS (DISCR) )

LABS (I) integer integer IPOS : LOS (I)

FLOAT (I) real integer REAL = FLOAT (INUM)

IFIX (A) integer real INT = IFIX (REAL)
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A PROBLEM USING LIBRARY FUNCTIONS

1. Problem
Read the 4 coordinates of points A and B from a card. Find the distance between A & 13, the slope Of line
AB, the angle that line AB makes with the X-axis, expressed in degrees.
Print in column form, properly labeled, the given information, and the required solutions.

9. Flowchart

ANGLE
tan-1 (s lope)
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3. Coding Form

IBM

[C1 T.lia 5
1

.P...R.ODLIA . Co_mP..0
FC A N_oiw ., . ..T H.E. .9L o.PE. .o
C LIAFE MAK LS .wIrrH T HIE.
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// JOB
LOG DRIVE CART SPEC CART AVAIL PHY DRIVE

0000 0002 0002 0000

// FOR
*10CS(CARD DISK,1132PRINTER,TYPEWRITER,KEYBOARD)
*LIST SOURCE PROGRAM
C THIS PROBLEM COMPUTES THE DISTANCE BETWEEN 2 POINTS WHOSE COORDINATES ARE
C KNOWN, THE SLOPE OF THE LINE THROUGH THESE POINTS, AND THE ANGLE THAT THE
C LINE MAKES WITH THE XAXIS, EXPRESSED IN DEGREES. THE ABSOLUTE VALUE OF THE
.0 COORDINATES IS LESS THAN 100.

WRITE (3,1)
1 FORMAT (8X0A1,15)(108')
WRITE (3,2)

2 FORMAT (4XIOX',6X0Ys.SX0X'16X0Y1,6XOLENGTHI,3X.ISLOPE's4WANG
1LEI)

10 READ (2,3)AX,AY,BXIBY
3 FORMAT (4F6.2)
DIST=SORTHAXBX)**2+(AY-BY)**2)
SLOPE=(BYAY)/(BXAX)
ANRAD=ATAN(SLOPE)
ANGLE=ANRAD*180 /3e14
WRITE( 3 ,4)AX,AY,BX,BY,DIST,SLOPE,ANGLE

4 FORMAT(2X0F6.2,1Xtr6.203X,F6.2,1X,F6.20X,F6.2,3X,F6.2,3X.F6.2)
GO TO 10

999 CALL EXIT
END

UNRETERENCED STATEMENTS
999

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 20 PROGRAM 176

END OF COMPILATION

// XE0

X
A

X B Y LENGTH SLOPE ANGLE
3.00 4.00 10.00 1.33 53.15

34U0 0.00 ..5.00 7.00 8.60 1.40 ..54.48
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C. ARITHMETIC STATEMENT FUNCTIONS.

1. When no library function is available and the same process will he used several times within a program, an
arithmetic statement function ;nay be used.

2. The statement consists of: the function name, selected by the programmer, with its arguments, followed
by an equal sign, and followed by the FORTRAN arithmetic expression, which defines the desired func-
tional relationship.

ANDEG (RAD) = RAD°180./3.1416

3. This type of statement must he placed before all executable steps of the program.

4. In the main program write the name of the function and its arguments in any valid arithmetic expression.
The quantities used as arguments in the program will he used to compute the value of the function as pre-
scribed by the function defining statement.

5. Restrictions
a. Only functional relationships that can he computed in a single expression can he used.
b. The expression on the right may contain unsubscripted variables, constants, or other functions.
c. The function name contains 1 to :5 alphameric characters, the first a letter significant to the mode of

the expression.

D. A PROBLEM USING ARITHMETIC STATEMENT FUNCTIONS

1. Problem: Write a program to find the number of degrees in an angle if either the sine or the cosine of the
angle is known. Print out the given info, motion and the number of degrees in the angle.

2. Flowchart

Write
No Such
Code

start

DEC(RAD)=
*180./3.1

Read
NC ODE

VAL

Codes
sinel
eoss2

0

tan:val/esin
rad:atan(tan)
angedeg(rad)

Write
val(sin)
angle

Last
Probl

yes

End

sine0/37;7
tanssine/val
radsatan(tan)
angsdeg(rad)

Write
val(eonine
angle

no
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;3. Coding Forms
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1. Printout

PAGE 1

// JOR

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 0000

// FOR
*IOCS(CARDtDISK,1132PRINTFR,TYPEWRITFRtKEYBOARD)
*LIST SOURCE PROGRAM
C THIS PROGRAM WILL-FIND THE NUMBER OF DEGREES IN AN ANGLE WHOSE SINE OR COSINE
C IS KNOWN. PUNCH A 1 IN COLUMN 2 IF THE SINE IS KNOWN, AND A 2 IF YOU KNOW THE
C COSINE.

DEG(RAD)=RAD*180.13.14159
100 READ(202)NCODE,VAL

? FORmAT(I2tF8.5)
IF(NCODE 1)5,6,7

5 WRITF(3,8)
3 FORMATI2XONO SUCH COOE')

GO TO 100
6 CSIN = SQRT(1. VAL * *2)

TAN=VAL/CSIN
RAD= ATAN(TAN)
ANG=DEG(RAD)
WRITF(3,9)VAL,ANG

9 FORMAT(2X,'IF SIN A= ',F8.5,1X,', THEN ANGLE A=1,F8.2,1XODEGREES')
CO TO 100

7 IF(NCODE-2)6,10,5
10 SINE= SQRT(1 VAL * *2)

TAN=SINE/VAL
RAD=ATAN(TAN1
ANG=DEG(RAD)
WRITF(3,11)VAL,ANG

11 FORmAT(2X0IF COS A=',F8.5s1X,', THEN ANGLE A=1,F8.2,1XODEGREES')
GO TO 100

999 CALL EXIT
FEND

UNREFERENCED STATEMENTS
999

FEATURES SUPPORTED
IOCS

CORF REQUIREMENTS FOR
COMmON 0 VARIARLES 18 PROGRAM 228

END OF COMPILATION

// XEO

IF SIN A= 0.50000 THEN ANGLE A= 30.00 DEGREES
IF COS A= 0.86602 THEN ANGLE A= 30.00 DEGREES
NO SUCH CODE
IF COS A= 0.86162 , THEN ANGLE A= 30.50 DEGREES
NO SUCH CODE
IF SIN A= 0.93358 , THEN ANGLE A= 68.99 DEGREES

E. COMPUTED GO TO

1. The statement consists of the words GO TO followed by an open parenthesis containing any required
number of statement numbers separated by commas, a closed parenthesis, a comma, and a non-subscript-
ed integer variable.

GO TO (10,8,7),K

2. If the integer variable has a value of 1, the next statement to be executed is the 1st statement in the paren-
thesized list, if the variable is 2, he 2nd statement is executed, and so on. The value of the integer is de-
fined or computed in another part of the program and acts as a subscript to the list. The length of the list
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and the repeated appearance of the numbers of the list arc not restricted, but the control variable may not
be larger than the number of statements in the list.

:3, ....7.1enever it is posible to select one of several parts of a program dependent on the value of a control vari-
able, a computed GO TO may be used.

PROBLEM USING A COMPUTED GO TO

I. Problem Write a program to compute any missing term of a proportion if three others are known. The
known terms are to be entered on the typewriter after the operator types in the number of the proportional
that is unknown.

Q. Flowchart

Write
directions

Read
N

Ask
for
2nd

Read
2nd

_-1

Ask
for
3rd

Read
3rd

Ask
for
4th

Read
4th

3
n=2

Ask
for
1st

1

Read
1st

Ask
for
3rd

Read
3rd
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r---1st=
sec x third

fourth

2nd =

rst x four.

third

3rd =

irst x fourt
second

sec x third
first

Write
given

roportio

Write
given

roportio

Write
given

roportio

Write
given

roportio

\ Write
1st

Write
2nd

Write
3rd

Write
4th

Read
Last If

Last-999
Call Exit

3. Printout

End

PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 0000

// FOR
*IOCS(CARD,DISK,1132PRINTERITYPEWRITERIKEYBOARD)
*LIST SOURCE PROGRAM

100 WRITE(1,1)
1 EQRMATi2XOTHIS PROGRAM IS DESIGNED TQ FIND THE UNKNOWN TERM OF A
1PROPORTION WHtN THREE TEmmS Al4t. KNoWN1)
WRITE/1,2)

2 FORMAT(2)(01F YOUR PROPORTION WERE WRITTEN IN THE FORM0,//112X0FIR
1ST IS TO SECOND m THIRD IS TO FOURTH0,//,2X0ENTER THE NUMBER OF T
2HE MISSING TERM'. //)
READ(6113)N

3 FORMAT(I1)
GO TO (10,20,30,40),N

10 WRITE(1.4)
4 FORMAT(2)WENTER THE 2ND TERM IN THE FORM XXXX.XX')

READ(6,5)SEC
5 FORMAT(F8.2)
WRITE(1,6)

6 FORMAT(2WENTER THE 3RD TERM IN THE FORM XXXX.XX')
READ(6,5)THIRD
WRITEI1,7)

7 FORMAT(2X0ENTER THE 4TH TERM IN THE FORM XXXX.XX')
READ(6,5)FORTH

&49ITigTMI:42RAIFORTH
25 FORMAT(tcX,0X IS 700,F8.2110=0,F8.20IS TO0F8.2)

WRITE(1.8)N.FIRST
8 FORMAT(2XOTHEI,I3o1WPROPORTIONAL IS',F9.2)

GO TO 200
20 WRITE(10)
9 FORMAT(2)(00ENTER THE 1ST TERM IN THE FORM XXXX.XX')

READ(6,5)FIRST
WRITE(116)
READ(6115)THIRD
WRITE(1,7)
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1

4

READ(6t5)FORTH
SEC=FIRST*FORTH/THIRD
WRITE(1.26)FIRST,THIRD,FORTH

26 FORMAT(2X,F8.2,'IS TO X =1,F8e2OIS TO',F8.2)
WRITE(198)N,SEC
GO TO 200

30 WRITE(1,9)
READ(6,5)F/RST
WRITE(1114)
READ(6115)SEC

WPANI1O.ORTH
THIRD=FIRST*FORTH/SEC
WR/TE(1+27)FIRST9SEC#FORTH

27 FORMAT(2X0F8.2,1 IS TO ',F8.2,' X IS TOliF8.2)
WRITE(118)N,THIRD
GO TO 200

40 WRITE(1,9)
READ(6t5)FIRST
WRITE(1,4)
READ(605)SEC
WRITE(1p0)
READ(6r3)THIRD
FORTH=SEC*THIRD/FIRST
WRITE(1,28)FIRST,SEC,THIRD

28 FORMAT(2X#F8.20 IS TO 6,FP.2,1 = ',F8.2,IIS TO X')
WRITE(1,8)N,FORTH

222 #1WIIWIIF THIS IS YOUR LAST PROBLEM ENTER 999, IF NOT ENTER 0'
1)
READ(6t12)LAST

12 FORMAT(I3)
IF (LAS19991100,300c100

300 CALL EXIT
END

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 12 PROGRAM 616

END OF COMPILATION

// XEO

THIS PROGRAM IS nrsinmEn TO FIND THE. U"KNOUN TERM OF 4 PROPORTIO" wHrl,! piper TFRMS ARF !:NOUN
IF YOUR. PROPORTION wFnr !MITTEN IN THE FORM

FIRST Is TO SECOmil = THIRD Is TO FnupTtl

ENTER THE NUMBER OF THE MISSING TERM

ENTER 1.1!.: 2ND TERM IN THF Fnmi XXXX.XX
25.
ENTER THE 3RD TERM IN THF FnRti XXXX.XX

100.
ENTER THE 4T11 TERM I" THF FO'M XXXX.XX

125.
X IS TO 25.00= 100.00IS TO 125.00
THE 1 PROPORTIONAL IS 20.00
IF THIS IS YOUR LAST PROBLEM ENTER 999, IF MOT E"TER 0

THIS PROGRAM IS DESIGNED TO FIND THE urr.mmiN TERM OF A PROPORTIO" UNE" TqRFE TERMS ARE KNOWN
IF YOUR PROPORTION WERE WRITTEN IN THE um'

FIRST IS TO SECOND = THIRD IS TO FOURTH.

ENTER THE NUMBER OF THE MISSING TERM

4

ENTER THE 1ST TERM IN THE. FORM XXXX.XX
25.
ENTER THE 2ND TERM I" THE FORM XXXX.XX

100.
ENTER THE 3RD TERM IM THF rnp,1 XXXX.XX

125.

25.00 /5 TO 100.00 = 125.nnIs To x

THE 4 PROPORTIONAL IS 500.00
THIS IS YOUR LAST PROP.LFII FmTER 999, IF "OT EFITFR n

990
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FORTRAN LANGUAGE

UNIT V
A. READ STATEMENT

1. In order to have the computer receive information from an input device a READ statement must he used.
It tells the computer what to read.

2. The statement consists of the word READ, followed by a pair of parentheses containing 2 numerical codes
separated by a comma, and a list of the variables separated by commas.

READ (n ,,n,, ) A,B,I,C(J)
a. Input Codes

Logical Unit Code (ni ) Device

2 Card Reader
4 Paper Tape Reader
6 Keyboard

An integer variable, defined previously in the program may be used instead of the numerical code.
b. Variables in Input List

(1) The length of the list is not restricted.
(2) The variables may be of any mode, and modes may be mixed in the same list.
(3) Variables may or may not be subscripted as required by the specific program.
(4) An integer read early in the list may be used as a subscript later in the list.

READ (2,1) I,A(I)
However, subscripts do not necessarily have to be defined in this manner. Alternate methods are:
(a) The subscript may he defined by index of a loop.

DO 101 =1,10
READ (2,20)A(1)

10 CONTINUE
(b) The subscript may be read in by a separate READ statement.

READ (4,1)N
DO 25 I =1,N
READ (2,20)A(I)

25 CONTINUE

3. Self-indexed READ
a. This type of statement is used to read arrays.
b. The variables and their variable subscripts must be followed by a comma and an index definition like

that of a DO loop.
READ (6,I ) (A(I),I =1,25)

c. The variable and index definition must be enclosed in parentheses.
d. As is the case of the DO loop, the limits of the index may be variables or constants.
e. The list of elements may contain other elements besides those that are self-indexed, either before or

after the self-indexed element.
READ (2,1)1,J,K,(A(I),I=J,K),.':UM,BIGA

f. The input list may contain more than oneself-indexed element.
READ (4,1) (A(I),I = 1,10),(130),J =1,20)

g. More than one subscripted variable may use the same index definition.
READ (6,1)(A(1),B(I),I= 1,20)

h. The disadvantages of the DO loop control of reading data as compared to the self-indexing method
are:
(1) The DO loop must execute the REA D as many times as the upper limit of the loop.
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(2) Under control of a DO loop, each time the READ is executed a new card must be read by the
computer, thereby wasting cards.

0000000000

EXERCISES

Write a READ statement to read 2 variables named COST, SELPR from cards.
ANSWER: READ (2,1)COST,SELPR

2. Write a self-indexed READ statement to read 20 values of A,B,C from 20 cards, each punched with A,B,C.
ANSWER: READ(2,1) (A(1),B(I),C(1),1= 1,20)

3. Write a READ statement to read in an integer variable: called N and N variables called COST(I) from
cards.

ANSWER: READ(2,1)N,(COST(I),I= 1,N )

4. Write a READ statement that will use the keyboard or card reader to define 3 variables called X,Y and Z,
depending on the value of a variable called KRC.

ANSWER: READ(KRC,1)X,Y,Z

5. Write a READ statement to read 100 pairs of X and Y coordinates of points from cards.
ANSWER: READ(2,1) (X(I),Y(I),I =1,100)

6. Write a READ statement to read 100 values of A, then 100 values of B from cards.
ANSWER: READ (2,1) (A(I),1= 1,100), (B(1),I= 1,100)

7. Indicate whether or not the following READ statements are valid, and if they are invalid write them
correctly.
a. READ (2,1) COST
b. READ (-2,1) SELPR
c. N=6

READ (NJ) COST
d. READ (2,1) NUMBR,COST,MRKUP,SELPR,TAX
e. READ (2,1) (COST(1), 1=1,20)
f. READ (2,1) J,COST(I),I =1,20
g. READ (2,1)COST(2°1+1),SELPR(J)
h. READ (2,1) N,A(N)
i. READ (2,1) NJA(1),1=1,N)
j. READ (2,1) L,M,(A(1)1= L,M)
k. READ (2,1) A,B,(C(1),1= 1,B),K2R,STP
1 READ (A(I), B(I),C(I),I=1,10)
ANSWERS
a. Valid
h. READ (2,1) SELPR
c. Valid
d. Valid
e. Valid
1. READ (2,1) J, (COST(1),1= 1,20)
g. Valid
h. Valid
i. Valid
j. READ (2,1) L,M,(A(1),17-:L,M)
k. READ (2,1) AJB,(C(I), I= 1,IB),K2R,STP
I. READ (2,1) (A(1),B(1),C(1), I z--1,10)
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B. FORMAT STATEM EN TS

1. A statement that provides information to the input or output statements about where numbers arc to he
found is a FORMAT statement. It is not executed and because of this fact does not necessarily have to he
placed in sequential order. Ordinarily they are placed adjacent to the READ or WRITE statements or all
together at the beginning of the program.

2. Every FORMAT statement must have a statement number.

3. The statement consists of the statement number, the word FORMAT, followed by a pair of parentheses
containing FORMAT codes.
a. FORMAT Conversion Codes

(1) The FORMAT codes tell the field width of the number, the number of decimal places, if any,
and its mode.

(2) FORMAT codes combine both alphabetic and numeric characters.
(F8.2) .

(a) Alphabetic
F - Real numbers, decimal notation
I - Integers
E - Real numbers, exponential notation
X Blanks
H Hollerith characters
A Alphameric characters

(b) Numeric
1st integer the number of spaces (card columns, print spaces)

used to contain the number (field-wiath). When punched or typed
the number must be eight adjusted in the field. (See Data Card
examples on pages 8 and 9.)

2nd integer the number of decimal places. (The computer will
ignore this code if a decimal is punched in any position in the input.)

b. READ Codes
(1) REAL numbers with ordinary decimal notation require F conversion code, field width specifica-

tion, and decimal specification.
(F8.2)

(2) Real numbers may be coded in E notation to reduce the amount of keypunching when very large
or very small numbers are needed in program.

(a) A great deal of variation is allowed ni reading E notation. Ordinarily the field width required
must include a place for the E, one for the sign of the exponent, one or two for the exponent,
one for the decimal point if any, or a total of four or five spaces more than will be occupied
by the actual number of significant digits in the number. For example: .000072 could be
written as 7.2E-5 or 7.2E-05 requiring a field-width of 6 or 7.

(b) The construction of the E FORMAT conversion code corresponds closely with that of the F
code. It consists of the alphabetic code, field width specification, period, decimal-specifica-
tion. The code for reading the numbers above would be E6.1 or E7.1.

c. I Code
(1) The I code is used for converting integers.
(2) The letter I is followed by an integer which specifies field width.
(3) No decimal code is needed because integers never contain a decimal fraction.

cl. X Code
(1) The X code may be used to indicate the number of spaces to he skipped.
(2) The X is preceded by a positive integer indicating the number of spaces to be skipped.

5X - do not read these 5 spaces
e. H Code

(1) H code is not used as much by the IBM i30 as it is by some othe machines because of its special
feature of copying material between apostrophes. However, it will be accepted. The use of H
notation indicates that a number of spaces toiiowing the letter H will be occupied by Hollerith
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symbols (combination of alphabetic and numeric information) to he copied literally.
(2) A positive integer preceding the H indicates the number of Hollerith characters that follow.

(14H1234 SOUTH ST.)
f. A Code

(1) A code is used to read alphanumeric information.
(2) No decimal specification is required.
(3) The field width of an A specification code must not exceed 4 spaces because alphanumeric infor-

mation requires more storage space than ordinary numeric information. Extended precision must
be used to increase the number of alphanumeric characters being read as one variable.

g. The parentheses of tile FORMAT statement contain the complete specification for one card or one
line. One number-conversion code indicates one number punched rcr card, or typed per line.

h. More than one code may be used in one statement. No limit is .,et on the lumber and variety of such
codes as long as the Emit of the card or print line is not exceeded.

12 FORMAT( F3.2,13, E10. 3, F2. 0)
i. An integer may be placed before the conversion code to indicate how many tines a code will be repeat-

(xi in the layout.
11 FORMAT(3F8.2,2A3,412)

0 0 0 0 ID 0 0 0 ID 0

EXERCISES

Write a FORMAT statement to convert a real number having 4 decimal places from the first 10 columns of
a card.

ANSWER: 1 FORMAT(FI0.4)

In the FORMAT statement 2 FORMAT(F8.2), a) what does the F specify, b) the 8, c) the 2?
ANSWER: a) a real number, h) the field width, c) the decimal point position.

3. - Write a FORMAT statement to convert 3 real numbers from one card, all having the same field width and
decimal position.

ANSWER: 3 FORMAT(3FI 0.4)

4. Write a FORMAT statement to convert 3 real numbers from one card, all having diFerent field widths and
decimal positions.

ANSWER: 3 FORMAT(F10.4,F8.2,F7.1)

:3. Write a FORMAT statement to convert 2 integers, 3 real numbers punched in regular decimal notation,
and 2 in exponential notation from a card.

ANSWER: 4 FORMAT(215,3F10.2,2E20.6)

oODO o0 GO o

C. COMPLETE INPUT OPERATION

1. The complete input operation is defined by the READ statement working with a FORMAT.

2. Spaces that are not specified in the FORMAT codes are not read.
READ(2,1)A,B,C

1 FORMAT(3F10.2)
The sequence above only reads the 1st 30 card columns. Anything punched in columns 31 through 80 will
not be read,

3. If the input list contains fewer variables than the FORMAT conversion code, only as many as are con-
tained in the list will be read.
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READ(2,1)A,B,C
1 FOB.NIAT(7F8.2)

The sequence above %%111 read only :3 variables.

4. If the number of variables is more than can be read from one card the computer will read as many values as
are specified in the list.

READ(2,2)(AGE(J),J =1,100)
2 FORMAT(26F3.0)

The preceding sequence will read 100 values of AGE from 4 cards, three cards contain 26 values, the fourth
contains 22 values.

5. The actual mode of conversion of the number from the form in which it is found on the card to the form
which it will take inside the computer is determined by the FORMAT, regardless of whether or not the
programmer has written them to agree. Lack of care in this instance could cause an error to exist. For ex-
ample the sequence

READ(2,5)I,J
5 FORM AT(2F7.2)

would cause real numbers to be assigned to the integer variables I and J.

6. Separate Card Layouts
a. Separate card layouts are indicated by the presence of a slash ) in the FORMAT statement. For ex-

ample the statement 6 FORNIAT(513/6R.2) could be used to read 5 integers from one card and 6 real
numbers from another card. If the associated READ called more than 11 variables to be read into
storage the third card would contain 5 integers, the fourth would contain 6 real numbers, and so on
until the input list is satisfied.

h. Use of Parentheses
(1) Parentheses can be used in conjunction with the slash to cause a single card to be read with one

layout and many cards read from a second layout. For example the sequence
READ(2,5)N,(A(1),1=1,100)

5 FORNIAT(13/(8F10.2). )
would cause the computer to read one value from the first card, and 8 values from each of the next
12 cards, and 4 from the fourteenth card.

(2) Parentheses within parentheses after the slash are not permitted in this type of FORMAT
statement. .

(:3) Specifications for particular card columns may be repeated by the use of parentheses. For example
the sequence

READ(2,6)N,J,COST,I,L,SELLP
6 FORNIAT(2(213,F10.2) )

would read 6 values from a card, reading the sequence (21:3,F10.2) twice as indicated by the inte-
ger preceding the parentheses.

0 0 CI 0 0 CO CI

EXERCISES

Explain what the following pairs of input statements will cause the computer to do.

1. READ(2,10):,B,C
10 FORMAT(3F7.2)

2. READ(2,10) (PRICE(N ),N =1,20)
10 FORMAT(8F10.2)

3. READ(2,10)STP
10 FORMAT(E10.3)
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4. READ(2,10)(ALPHA(1),1=1,4)
10 FORMA-U(4A 1 )

5. READ(6,10)K,(A(I),I= LK)
10 FORMAT(I4/ (8E10.4) )

ANSWERS

1. :3 real numbers which define AM, and C will be read from 21 card columns. Each number has 2 decimal
pkces.

2. Real numbers which define a list of 20 variables called PRICE are read from cards. Each card contains 8
numbers and each number is allotted 10 card columns, and has 2 decimal places.

3. One real number in exponential notation is read from a 10 card column. If no decimal is punched on the
card the FORMAT will provide 3 decimal places.

4. Reads 4 alphabetic characters from a card.

5. Reads a variable number of cards. The 1st card contains the integer variable which defines the limit of the
loop. Each card following is punched with 8 real numbers. The statement will cause K variables to he read
from as many cards as are needed to contain these variatijes if 8 are punched to 1 card.

0 0 0 0 0 0 0 0 0 0 0

D. WRITE STATEMENTS
1. In order to have the computer to output its solutions a WRITE statement must he used. The output state-

ments are similar to the input or READ statement.

2. The statement consists of the word WRITE, followed by a pair of parentheses containing 2 numerical
codes separated by commas, and a list of variables separated by commas.

WR7TE(m,n2)A,B,C,J
a. Output Codes

Logical Unit Code (n, ) Device
1 Typewriter
2 Card Punch
3 Printer

Paper Tape Punch

Notice that 2 and 4 are also used as input codes. However, used in conjunction with a READ they are
considered input, and with a WRITE they are considered output. As is the case in READ statements,
an integer variable, pre-defined in the program can be us:d for a logical unit number.

b. Variables in Output List
. .

(1) MI of the variations allowed for input lists are also valid for Output lists.
(a) Variables may be of either mode in the sal' e list.
(b) The self-indexed form may be used.
(c) Subscripted variables may be used, unless the subscripts are mathematical expressions.

E. FORMAT STATEMENTS
1. Output FORMAT statements are similar to those used for input. They specify the layout of the solutions

on the output device, and conversion codes are identical to those used with the READ.

2. Tfr.;. FORMAT statement used with a WRITE statement defines the layout of a single line on the printer or
typewriter, or a single card to be punched. This line will be repeated until the variable list is satisfied.
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a. Printer (or typewriter) lines consist of 120 print spaces; therefore the FORMAT specifications for the
single unit cannot exceed 120 spaces.

h. The card-punch specifications cannot exceed SO spaces per card.

3. Real Numbers
a. . The decimal point is printed.
b. The programmer must determine the number of significant digits to be printed and construct the

FORMAT accordingly. Do not call for more digits than are significant.
c. Numbers are printed so that they are adjusted to the right of the alloted field and blank spaces occupy

unused positions on the left. Spacing may therefore be provided by indicating a field width wider than
is actually needed.

d. Unused decimal places will be filled with zeros. 75.2 with F5.2 specification will print as 75.20.
e. A place must be reserved for printing the sign of negative numbers. Positive numbers :ire printed with-

out the sign. For example: -52.74 would require an F6.2 specification.
f. If the number of decimal places in storage exceeds the FORMAT specification, she decimal will be

truncated as prescribed by the FORMAT; for example: 25.7259 will he printed! as 1)25,72 if an F 6.2
specification is used, b signifying a blank space.

g. If the number of digits before the decimal exceeds the alloted space, the entire field will be filled with
asterisks.

h. If there are no digits preceding the decimal a zero will be printed, using one space. For example .75
will be printed as 0.75 requiring an F4.2 specification.

i. Real numbers may he printed using the E conversion code.
(1) For E output, numbers are normalized, that is, the decimal always appears to the left of the 1st

significant digit and a zero precedes the decimal point.
(2) The exponent correctly places the decimal point, the computer making the necessary adjust-

ments to achieve this.
(.3) The number of decimals to be printed depends upon the decimal specification in the E code

which is selected by the programmer. 79.234 with conversion code E12.4 would be printed as
bb0.7923Eb02.

(4) E conversion codes require at least seven spaces in additiOq to the numbe of significant digits
which will be printed, four for the exponent, one for the decimal, one for Cie leading zero and
one for the sign.

(5) Extra spaces can be added to the field width to improve readability anticappearai.^.e of output.
(6) A FORMAT specification of E20.7 will provide sufficient space for any internal number with 6

leading spaces, and is therefore frequently used.

4. Integers
a. I conversion code specifications are like those for input statements.
b. No decimal point is printed.
c. Numbers are right-adjusted in the allotted fields.

5. Slashes
a. Slashes are used to signify the end of the specification for one line.
h. More than one / in the output FORMAT causes multiple spacing, that is // would cause a line to he

skipped between 2 lines of printing, and /// would cause 2 lines to be skipped.
c. Slashes appearing before or after a FORMAT conversion code would cause a number of blank lines

equal to the number of slashes before or after the printed line.

6. Literal Data
a. Remarks, descriptions, labels or any type of alphabetic information may he printed by enclosing the

information in apostrophes within the FORMAT statement.
b The computer will copy whatever is enclosed in single quotes as it is written by the programmer. The

enclosed characters may be alphabetic, numeric, or special characters.
c. No variable is listed in the output statement for literal data.
d. Literal data may be printed before or after E, F, or I conversion codes.
e. The number of spaces used in the specification for a line must not exceed 120.
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F. To double space after a printed line slash in arks (/ /) should follow the literal data.
g. Literal data can be read into storage with a similar FORMAT and printed out in the same form as it is

read in, but it may not be altered in any way if the 'quote' method is used.

7. A Conversion
a. To alter alphanumeric data :\ conversion code must be used.
h. The code consists of the letter A followed by an integer which indicates the number of alphanumeric

characters to he written under A conversion.
c. A corresponding variable name must appear in the variable list for each alphanumeric group.
d. The alphanumeric groups cannot contain more than 4 A characters if its name is a real variable or 2

characters if it is an integer variable. To read the 2 initials and an 8 character last name the following
sequence could be used.

READ(2,I )1N ITI,IN1T2,SNAM1,SNAM2
I FORMAT(2A2,2A4)

The card would be punched with A.J.WILLIAMS in columns one through twelve.

8. X Conversion
a. To provide spacing of output on a given line or card X conversion can be used.
b. It consists of the letter X, preceded by an integer indicating the number of blanks to be defined.

9. Carriage Control
a. When output is to be produced on the printer, special specifications must he included in the FOR-

MAT statements to provide for control of the carriage of the printer.
b. The 1st character of the output image is not printed but serves as a message to the computer to cause

the printer to space down the page in various ways.
c. Codes

(1) If the following codes appear in the first space of the line to be printed, the corresponding car-
riage control operation will take place.

Code

h (blank)
0 (zero)
I (one)
+ (plus)

Control Operation

normal spacing
double space
begin on a new page
write on same line

(2) The carriage control codes apply only to printed output, not output on cards, tape or disk..

0 0 0 0 0 0 0 0 0 0 0

EXERCISES

1. Revise the program in Unit III which finds the sum of 50 numbers read from cards. Assume that the num-
bers are punched 8 to a card with 10 field width and 2 decimal places. Use self-indexed READ and WRITE
statements.

SOLUTION

PAGE 1

// JOR

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 0000

// FOR
*IOCS(CARD,DISK,1132PRINTER)
* LIST SOURCE PROGRAM
C THIS PROGRAM WILL READ A LIST OF 50 NUMBERS. PUNCHED ONE TO A CARD.
C NUMBERS MUST RE LESS THAN THE ABSOLUTE VALUE OF 1000 TO THE NEAREST HUNDREDTH.
C THE NUMBERS ARE PRINTED AND THEIR SUM IS COMPUTED.
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DIMENSION A(50)
SUM =O.
READ(291)(A(I),I=1.50)

1 FORMAT(8F10.2)
DO 5 1=1.50
SUM=SUM+A(I)

5 CONTINUE
WR/TE(3,1)(4(I)./=1.50)
WRITE(3.3)SUM

3 FORMAT(2X0SUM=',E9.2)

CALL
EXIT

F

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VAR/ARLES

FND OF COMPILATION

// XFQ

106 PROGRAM 124

-33.00 7.50 36.00 17.00 38.00 49.52 -19.00 20.00
50.00 35.00 10.00 47.00 2.00 18.00 5.00 29.00
43.00 45.00 0.01 12.00 13.00 26.00 40.00
7.00 9.00 46.00 24.00 48.00 39.00 30.00 15.00

44.00 42.00 23.00 -1.25 25.33 31.00 14.00 27.00
34.00 22.00 41.00 37.00 31.00 4.99 28.00 -16.00
-:14011 6.00

SUM= 1050009 .

2. Write a FORMAT statement to print CA PACITY =15,791.54 GALLONS.
ANSWER: 20 FORMAT(2X;CAPACITY =15,791.54 GALLONS')

3. Write a set of statements to print the following:
SOLUTIONS TO QUADRATIC EQUATIONS

Triple Space
Print Column headings
A B -C X1 X2

Double Space
Print coefficients and answers of 10 problems under headings, each having 2 decimal places.
ANSWER:

WRITE (3,10)
10 FORMAT (43X,'SOLUTIONS OF QUADRATIC EQUATIONS',///,-11X,'A',6)(;13'

1,6X:C%15X:X1%6X:X2',//)
WRITE (3,11)A,B,C,X1,X2

11 FORMAT (36X,3F7.2,10X,2F7.2)

0 0 0 0 0 0 0, 0 OP
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FORTRAN LANGUAGE

Unit VI
A. MORE ABOUT DO-LOOPS

1. Range All of the statements from the DO statement to the statement whose statement number appears
after the wcal DO are in the 'range' of the DO-loop.

A control statement (IF or GO TO) may never be used to end a loop. If the branch is necessary, it must
transfer to the dummy statement, CONTINUE, which must end the loop that would ordinarily end with a
control statement.

3. A 'special exit' may cause the computer to leave the loop before the upper index limit has been reached. In
this case the index value at the time of the exit may be retained for future use in the program. Transfers
from within the loop may be made to statements outside its range.

4. Transfers from statements outside the range of the loop cannot be made to statements within the range.

5. Nested DO-Loops
a. Definition. DO-loops, are nested if one is completely within the range of another loop, but the loops

must not overlap in any way.
b. Execution. The outer loop begins first and executes until the beginning of the inner loop. The inner

loop completes its cycle, then the outer continues to its en ", and begins again. The process continues
until the upper limit of the outer loop is reached.

c. Two or three loops within loops are often used.
cl. Loops may be used end to end within other loops.
e. Two or more loops may end at the same statement.

B. A PROBLEM USING NESTED DO-LOOPS

1. Problem Read alphabetic elements of sets A and B from cards. An integer representing the number of
elements in the set occupies the first 2 card columns. Write the given sets and the intersection set, provid-
ing for a message to indicate the null set.

2. Flowchart

55



:3. Coding Forms

17%/TITGECT1941 GETh 6C SET)

E LA< 2-.6)
REA.1)1(.2. 1) NA:.).(.L LACS.)

.. .1 F_O.HAAT_(I 2i, 2.6 A.L.)
(3 5) I. A ( ), I

5 F 0RJ/1A-16.X"2.6 AZ) .

2)(VG., EL13(.J.)
2. F.05114AT(I2Z6A.2)

W.R.I:T E (3. ) (-kat

F
2.0

KO LENT ..0
D.0_10 I .1, /VA
to io 3,1 ,NB
IF..(ELA (I)-EL13(
Ito u.N T...ft 0 uNr #.1
K IAAIT

H SE T E EA, I),
1.0 CONT INU,L

IF.(K.OLENT )1E0, 35 )90
. .35 WRITE(3, 3) .

3 E.O.RMAT.( 2.X NT.E
CO T 0 300

_40 WAIT E 3) 4 )(xsE,T(
F OR1AT( 11NTERIAC.
GO .110 30 0I

999 CALL EXITj

FORMAN Cudtmi Form

FOkIYAN STATf.VINI

(_2b) t T'(.2 6)
NA),

1 , N/1)

))10 , 20,10

4

I oN S ET IS TH E.

K, LkNT)
T 10N WE I 26A 3)

-t_

NULL 6 E.T.
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4. Printout

PAGE 1

// JOB

LOG DRIVE
0000

CART SPEC
0002

CART AVAIL PHY DRIVE
0002 0000

. // FOR
*IOCS(CARD,DISK,1132PRINTER,TYPEWRITERoKEYBOARD)
*LIST SOURCE PROGRAM

DIMENSION ELA(26),ELB(26),XSET(26)
300 READ(2,1)NA,(ELA(I),I=1,NA)

1 FORMAT(I2,26A2)
WRITE(3,5)(ELA(I),I=1oNA)

5 FORMAT(2X,26A2)
READ(2,2)NB,(ELE(J),J=1,NB)

2 FORMAT(I2,26A2)
WRITE(3,5)(ELB(J),J=1,NB)
KOUNT=0
DO 10 I=1,NA,
DO 10 J=1,NB
IF(ELA(I)ELR(J))10,20o10

20 KOUNT=KOUNT+1
K=KOUNT
XSET(K)=ELA(I)

10 CONTINUE
IF(KOUNT)40,35,40

35 WRITE(3,3)
3 FORMAT(2X,'THE INTERSECTION SET IS THE NULL SET')
GO TO 300

40 WRITE(3,4)(XSET(K),K=1,KOUNT)
4 FORMAT(2X,'INTERSECTION SET =',26A3)

GO TO 300
999 CALL EXIT

END

UNREFERENCED STATEMENTS
999

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 170 PROGRAM 288

END OF COMPILATION

// XEQ.

ABCDEFGHIJ
BDEG I
INTERSECTION SET.=BDEGI
A EGHD
F I T

THE 7NTERSECTION SET IS THE NULL SET
AETNR
ATOPS
INTERSECTION SET = A T 57



C. TYPE STATEMENTS

1. The REAL statement consists of the word REAL followed_by a list of variable names all of which will speci-
fy real numbers regardless of the ordinarily significant name of the variable.
For example t!ie statement:

REAL 'DENT, NUMBR
would specify that IDENTand.NUMBR are to be handled as real numbers.

2. The INTEGER statement consists of the word INTEGER, followed by a list of variable names which will
be considered as integers by the program.

INTEGER BLANK, DOT, POLY, SUM
All the listed variables will'be integral.

3. The REAL or INTEGER statement must be the first statement of thf program so that the computer
store and use the variables when their names are first encountered in the program.

D. PROBLEM USING A TYPE STATEMENT

will

1. Problem The Fibonacci Sequence, 1,1,2,3,5,8,13 ..., starts with two ones and new terms are formed
according to the rule that each term is equal to the sum of the 2 preceding terms. Find the first 30 terms of
the sequence and all the partial sums, FSUM (I) of the sequence up to and including the Ith term.

2. Flowchart

(' Start ')

Write

Headings

PSUM(1)=1
PSUM ( 2 ) r2

TERM(1).1
TERM(2):1

LT3

TERM(I).
TERM(I-4)

i.TERM(I -2)

PSUM(I):
PSUM(I -1)1
TERM(I)

J. 1-2

Write\MHO)/
PSUH(J)
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3. Solution

FIBONACCI. SEQU,ENCE.
EMITHAN Ulm; form

.C.__________41_11.1_fi' TNT__AILLT.H__ T.H.L____FILBoN.Ac.c.i. if..SVAf.NG.E._..1..,11.,_2,3.,_&,_a.,..

.C._._ _ ,_ ItAC.H,..TER .1.S.. Elau.A L.. to,...T.H L.,_.S.UNi .01 THE . T 0:_."P.RE. c..e.D2.;40.. Ts..Rtnt,_!_
1 _ ..iS.TART_ 1,f.Z.T.H_J. Hi 01 _OWL. S...ANO.. FORM_ iMEta +TIE R WI S AC,C_ORD.2.N.O_..x0. TN I.__ R.U.1.

.11.#1LItt.V,_1 ).a_,:r.t. ,14.C.),) ...P.:.eiti:P10-.)-
____.

1.3-, ..- ..---

....... . ....
E. .T.HAT

S. . TH E. !3E.Rze.:4, IS G ENE FtATI 0 FOR TWENTY, TE.Rm%, AND 1, A.RT I AL SUMS ARE
.C., GIVEN uP ,T.o AND .TNCk UDIA6. ,E AG 8 'FE lim. .

IWRI_E...(3, _Ai _ 1

1istrE .t R....13ut4(.3o)..,:rEAM(3_o)___...._. _...._. .. . .

R_T;gc1._(...1.6,A..,...I.F.IS.ON.A.O.C..1___S.E 0/.1.1.N_C---31_.11-0-
__________Lp/RI_. E..(3 2.). _

2_ .;F ORtlAT (7 X71.7-1-RII A10- I-, -I I X )- IT-E-R
:PS1.0,4(1 ).11 ..

?AIL( ..(2)_! .21
_111 1)_!..1,__. ____- _

__ I__R
12)

1 . .

9X PA R TIAL SUAls),

I
112.0__1 .. ..

1 E.Ahl(I.)._.1' E.R.M (.1 ...1.)+1'. EX.,4 (I 2)--
i).S.Lltt1(.I.).:1),Stilit<.17.1.)..t.T. 1.14.k1(1),..
0).y..x._!Ig, . . .. .._

[CALL E.X.I.
. . ...

4. Printout

PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0001 0001 0000

V2 M04 ACTUAL 8K CONFIG 8K

// FO
*IOCSIRCARDO/SK,113/PRINTERtTYPEWRITER,KEYBOARD)
* LIST SOURCE PROGRAM
C THIS PROGRAM DEALS WITH THE FIBONACCI SEQUENCE 1,102,3,5,8,130.o..
C START WITH TWO ONES AND FORM NEW TERMS ACCORDING TO THE RULE THAT
C EACH TERM IS EQUAL TO THE SUM OF THE TWO PRECEDING TERMS.
C THE SERIES IS GENERATED FOR TWENTY TERMS, AND PARTIAL SUMS ARE
C GIVEN UP TO AND INCLUDING EACH TERM.

INTEGER PSUMC3010TERM(30)INTEGER

3 FORMAT(16X0IFIBONACCI SEQUENCE')
WRITE(3.2)

2 FORMAT(7XOTERM NO40,11XOTERM1.0X,PARTIAL SUM')
PSUM(1)=1
PSUM(2) =2
TERMt1)=1
ERM(21s1
DO 10 1=3,22
TERMCI)=TERM(I..-1)+TERM(I.-2)
PSUM(I)=PSUM(I..-1)+TERM(I)

WRITE(301)JoTERM(J),PSUM(J)

11
FORMATC10XvI51,10X05015X0/5)
CONTINUE
CALL EXIT
END
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FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES

END OF COMPILATION

// XEO

F I BONACC I
TERM NO.

128

SEQUENCE
TERM

PROGRAM 176

PARTIAL SUM
1 1 1
2 1 2
3 2 4
4 3 7
5 5 12
6 8 20
7 13 33
8 21 5 4

438
100 55 1843

89 232
1112 144 376
13
14

233
377

9
98
606

15 610 1596
16 987 2583
1 7 1 597 4180
18 2584 6764
19 4181 10945
20 6765 17710

E, PROBLEMS WITH DO-LOOPS

I. Problem. Produce a table of values of x and y for a linear equation of the form y = ax + b. Read A and B
from cards and compute values of y for each x from -5 to +5 at intervals of .5.

Flowchart
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b. Coding Forms

{(X,YS ;or AX JIB

RA". wk L L V IRII o_uC.

E.G.LLA,TION,
A._.ANID. 13 A R 1:0E A1) .F o M CA

F . 5 .
.. 50 RE,A0(2, 3)A,B,

3 )
_LLCSX.5,6.7

F.o Aim/NT:C.2.X , A_T10:/1
G O. 7 o 1 0

6 WRiTE..(b, BSA_...
.5 ... 10.11 _

: .

ATU.X , 1.E q :u 10N
W E.

... 11 _f 0_R_ T.(.1)f, x , 6x, le)
'41 zi cit.;

.

E-t,._3 2 5.) A
Oft AT.C3 X _F...5 2X F

SNLLE.

FURTTIAN rudmg farm

1 I -I L.-
--t

!...ttt.11

L. A_, Li_Vr ..or_ V.A L Ut.%. 0 F. x_ .AND Y F.I.) rt_ .L iNE AR _ .

R S. AN 0 x 1 s TATvEl.A1 - /SND. 5 AT I ArrERVA..1.9 _ .

2 ,

IBM

F . 2

NMI"
9.9 1.-11

FORTRAN Coding Form t11711,
L I J1L

foR,RAN
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c. Printout

PAGE 1----
// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0001 0001 0000

V2 MO4 ACTUAL 8K CONFIG 8K

// FO
*IOCSR(CARD,DISK,1132PRINTER.TYPEWRITER,KEYBOARD)
* LIST SOURCE PROGRAM
C THIS PROGRAM WILL PRODUCE A LIST OF VALUES OF
C Y=AX+B._

X AND Y FOR A LINEAR

C A AND B ARE READ PROM CARDS AND X IS BETWEEN -5 AND +5 AT INTERVALS

C
F .5.OEAD(2,3)A,B

50 R
3 FORMAT(2F7.2)

IF(B)506,7
5 WRITE($.4)A:.B
4 FORMAT(2X,'EQUATION Y=',F7.2.1X oF7.2)
GO TO 10

6 WRITE(308)A
8 FORMAT(2X,'EQUATION Y=',F7.20X1)
GO TO 10

7 WRITE(3,9)A,B
9 FORMAT(2X,'EQUATION Y=10F7.20X +e,F7.2),

10 WRITE(3,11)
11 FORMAT(7X0X°06X0Y1)

DO 20 1=1,10105
Z= I -51
X=Z/10.
Y=A*X+B
WRITE(3,25)X,Y

25 FORMAT(3X,F5.1o2X,F7.2)
20 CONTINUE

GO TO 50
99 CALL EXIT

END

UNREFERENCEU
STATEMENTS

99

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 12 PROGRAM 186

END OF COMPILATION

// XEQ

EQUATION Y= 1.00X + 2.00
X Y

-5.0 3.00
-4.5 02.50
- 4.0 -2.00
- 3.5 -1.50
- 3.0 -1.00
...2.5 -0.50
.2.0 0400
...1.5 0.50
...1.0 1.00
- 0.S 1.50
0.0 2.00
0.5 2.50
1.0 3.00
1.5 3.50
2.0 4.00
2.5 4.50
3.0 5.00
3.5 5.50
4.0 6.00
4.5 6.50
5.0 7.00 62



EQUATION
X.5.0

.4s5-4.0-3.5
....3.0
...265
-2.0
...1.5160-0.5

.0410
0.5
1.0
1.5
2.0
265
360
365
4.0
4.5
5.0

EQUATION
X

.5.0-4.5
-,--460-3.5
.3e0
...2.5
...2.0
-1.5-1.0-0.5

0.0
0.5
160
1.5
2.0
2.5
3.0
3.5
460
1+65
5.0

Y=
Y

-65.75
-59.50
-53.25
-47.00-40.75
-34.50
-28.25
226001575-9.50-3.25

3
9.o25

00

15.50
21.75
28.00
34.25
40.50
46.75
53.00
59.25

Y=
Y

5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00
5.00

12.50X

000X +

-3.25

5.00

2. Problem, A school uses one data card to hold general student information as follows:

Columns
Name 1-20
Address 21-40
Telephone 41-50
Zip 51-55
Student number 76-80

A second card contains the student's schedule, using room numbers and subject codes with the student
number punched in columns 1-5, subject codes each require :3 digits and room numbers require 3 digits.
Each student follows a schedule of 4 to 6 classes a day.

Write aprogram to print the student's name and his schedule.

a. Flowchart
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Read all
Cards in
First Group

I

I=1,N

Read all
Cards in J=1,N
Second Group_

Write
Students
Name 6
Subject
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b. Coding Forms

IBM FOI1Tri AN CorlIng Form

77, STUDENT% SCHEDULE I ri 1

1 ___-_

!. ,----."

--___-. - ---- - ...

--------- .__,____ ..-----
K.41. 7
)f _(11.-!/:

I 4 -.2.1i2_,e_
_.Ziii.2./2..D

1.), RN/
REAL

° -T=-914/-5-t_70

di-.12-0/1/-
..4711.r-g-6FR

,.(1e.,)
_1,19011

5

.

(it': )..)

--

.

li.g.N.2(. 1LC
(4-s 2., sc:

. READ C.:?..., 4).
,Dk 1 i R.:7-147._'
READ (..2..,..0.

I- 17-0-km /if (4i1
R.E.49 (,?.,,2. )

- -.- :4 84-0: ) ., X.N.4(..:0
k_ ____el_LO_ki! IgLC:10 I .r-/______ _ ........ ....._

Co... a_ Tr:
. .F.(51-41G2:'1(

__q 1,4Z__ C-3, 3
_ -----,,_ 1-g-h1-.2-(Z)_,_S

---9 ° ° - A-7-7-CIA
/4_9_ _,, 1.3'

it.,--9 .,,,,,, .6_')....X.,..d
:AO_ C47- ,vpi_-_-.-

.R,t L 4-1,,r IT
NA

.._sL2B_

____: -----
----,

N1)).1.-4{.-El.) A/
5) .6 5.X ;7.-5).
( s.774/0 2..C.T)..,

4_57v..635..nr
, //_,5.).:-.4-_ _., J_5,

At
.,.fil

.).::-5- Nth-C-c

.VA.R.1 (.:F),..,u
' 3(_-1.),.R113(
_4195.). /./..)...,?
...5.X..11-.,--X-i-r-.3

5' ., 5X,

---- ..

)

c

I,

)
Q.r.

.)

i.3.

11111.1111111

IBM

0.3

.)!..t>( ;

5: :5 f )41r

e j-t--c1;4! 472C 12C304' `;3 ;)11 4.7)1 11.$ pi= 27'b / /,Et NA 3 C
1-1 /49. ,Iqk 3 0.1-5 /-uV.i. Lc' 4 .

( .1-6- -5f--5157)/i 11,D Lie S rt:Di
1

11 ,,,,,,

.)I nt E.,[f.a
"7-7-

04(i6),1 L(Ior)
) ic/3..=') 11//

( /11A,/.3- .. N.

5
RALF; C;5.-) --,--5114=-C--.1).
j.J5

.11Th. Sr40ENT'S ULE)

.. -, ...... - .....

,,P ,v2(

,.., ,'(...-134(.1-P)1
.

4L)) ,

--

i'A.)0C-z-

_5i;.&!/.(.1-e))

1 i ,eir,,,A6,
_

t o )
. .

,,_51 1_43.6

---.---

, /?,(.! 5 (..-LP

( -to)

_

9)44(3:) , 5.1-ciVOC:c .,,T..---:.1, AJ)

1 /32_(. -) , .-,:i--12 (3-) , 5 C.63(.f..) , iii-, 5 b.) .; 5.t'

i,-4:34i9_5.,__ ).. _ _ s_ __ __.

_.-- ---- ----- , .

--
-Ly 4(r ) S6 1(7) '?/1.//..(1) 5't (326 .F.))
1. -9-0 3-6-i) i(A-15.--ts)--). ,'.(21-:1 6_ ( )_), ,1,)6 EJ )
9_15 , -5 X ) :I-3 i 11-./ ,.,9)(./ 12 /,, Xi-igi-5-X/:4----i
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re::I IIAN Coa,nu Form

---1
-

VA, sr.; ru.lt ... .

. .

........
..

...

.........

...

.......
........

. -

-- ....

...

6.20-9
0(--).20_q
0_0_30`fl
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c. printout

D AGF t

// .001

LO(, n9v/F CART SPEC
0001

CART
0000

PHY DRIVE
anon

V2 m04 ACTUAL 8K CONFIG AK

// Fop
*IOCS(CARDOISK.1112PR:NTER,TYPE4RITERtKEYBOARD)
* LIST SOURCE PROGRAM
,FxTeNnFn PRECISION
* ONF wnan INTEGERS

INTEGER STUNO(10),STN02(101,RN1'10),RN2'10),RN3'10),RN4'10'eRN5110
11.4N6(10)
REAL NAMICI01oNAM7'10),NAm3(10)sNAM4(10)
DImENSION SUR1'10),SUB2(10),SUB3(10)oSUB4(10),SUB5110),SUB6(10)
RFAD(7.4)N

4 FORMAT(I2)
REAM(7.1)(NAm1(I),NAM7(1),NAM3(1),NAM4(1)*STUNOW,I=10)

I FORmAT(4A5,55X,I5)
REAO(2,2)(STNO2IJI,SUP1( J),RN1IJI*SU82(J'oRN2(J),SUB3IJ'AN3IJ',SU
1/14(J),RN4(J),SUBSIJIIIRN5(J),SUB6(J),RN6(J),J=1oN)

7 )

in
JmIgN
so4.

10
IFISTNQ2(J)STUNO(I))10,9,10

9 WRITE(3*3)NAm1(1),NAM2(I',NAm3(!foNA44(1),SUB1U),RN1(J'eSUB2(J),
1RN7(J),SUI13(J),RN1(j),SUB4(J),RN4fAIISUBSIJ1,RN5(J),SUB61J),RNOJI
3 FORmAT'2X.4A5,///92XOPFRIOD 11,5X,A5,5X,13,//e9X02',5X,A5e5W3,
1//t4X03',5X,A5415X,I1,//.9X041.5X,A515X.13,//.9X05'o5X,A5,5X113*
2//.4X06',5X,A5,5X1113*////1

10 CONTINUE

CALL
EXIT

E

FEATURES SUPPORTED
oNF wORD INTEGERS
EXTENDED PRECISION
10CS

CORE REDUIREMENTS FOR
((WYO.,' 0 VARIABLES 188 PROGRAM 346

END OF COMPILATION

// XE0

PLOW JOF 0

PERIOD 1

2

3

4

5

6

NIX MIX

PERIOD 1

2

3

4

5

6

CLAUS SANTA

PERIOD 1

7

3

4

6

EN I 201

ALG I 703

GN HS 309

PH Fn 111

STUDY 2(14

HM MK 301

ALG I 203

EN I 2n1

GN HS 309

PH En 111

HM PAY 3n1

STUDY ---' 104

GN HS 309

ALG I 203

EN I 2n1

GN SI 315

PH ED 112

STUDY 104
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F. A PROBLEM USING ALPHABETIC INFORMATION

Problem. Write a program to produce a list of names in the order, first name, last name, address, telephone
number. Data cards will be made up with the first name in columns 1-10, last name in columns 11-20, ad-
dress in columns 21-40, and telephone number in columns 41-50, each variable being left adjusted in its
field. Writ,. the pi II am to , -ovide for any number of cards less than 81. Properly identify the list and pro-
vide appropriate column headings and spacing for neatness.

2. Solution:
a. Because the size of the allowable field of alphabetic information is limited, EXTENDED PRECISION

may be used to allow grouping variables in 5 letter groups. However, since each field is longer than 5
letters, two or more variables must be used to represent one record e.g.
FNAM1, FNAM2 will be the two parts of the first name.

b. A variable representing the number of cards to be read is first defined by reading from a card.

3. Flowchart (see following page)

Write.

Title of
List

Read
XKJ

i

\\\\Write

Column
Headings

Read

Records

V

Write
List

End
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4. Coding Foini

IBM
LIST- r NAML, A D.DR.LS*S,.T.13..e.uo,,.

FORTRAN Codmg Form

T-

--, _
DkIYAN ,',.kl(00(.1.'

. ..

li IETAVINWPIIIIMIll
meirlIRVITIMPIrrill. .

1
1

ITILIAL itical-4 __It4.0411&31._

_ ___
-----

I, , . ,. iCa . A 142.1.,8.0-)
_of

1-5_Aliktli(_sia)
b011( ii 0) T LI

11, I

D__./.4 ,...tat
.__INIVAPt2Litail,A0.131I.Ca_0.1
1 (110:) , -r.E.L;z(ao): . . .

Ni.

_

itiG it

11-1/4,3*-1 0N _.P.0.0_2. (13_0 .).,.A DI.ZC 5.0)1 AI
r.r..ts, t Oci6 )-

g. 441.11.1 Lam' 4 I0 __ _14.54yliD.K..._1 N.Lo.R.. _

5

.

'1

IfelrOMMarn,
+F_CtitALT

.

C a RAIAT(

(-F

1 43

10-1-

)------

- .. ..

-......-re '
:

i ,

joR rt a. t3). 4 I

i_k_HP6.11PA*1" (11, 10 t II SITAVAM4.3J1. 1 IT////
+READ
11.31,1

).
..(2_,..2.i) 1 F_Ai
_ _AU kW-

eis445,w)

,_._

r41.1 ).,.f/VA,42.(I)
El...lf )._.)..1. -21-1--)

- ..
mriI ; ..

_SLAAL.

, 5101/1-1(-1-)-1.1-V4A-14

, CDIS ,_1_ ; 4.0.N.4

(-1-) i -AD 1(.1;), ATI-U2(.1-), ATI

,

I
. ; .

17.E
--4-.TJ-4.4- -4.3)

11

(.1) d...7.)_,A)
___ _ 1 D3 i 1 ,..413 54 (I.> T.E.t...a. 7. . 7_4 I.) ,.I 1.1_,

i
K

drni .,,AD
-- :

5. Printout

PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0001 0001 0000

V2 M04 ACTUAL 8K CONFIG° 8K

// FO
*IOCS(R CARDOISK91132PRINTERTYPEWRITERKEYBOARD)
*LIST SOURCE PROGRAM
* EXTEN0ED PRECISION
C. THIS IS A PROGRAM TO PRODUCE LISTS OF STUDENTS ENROLLED IN THE SUMMER PROGRAM

DIMENSION FNAM1(80),FNAM2(80),SNAM1(80),SNAM2(80),ADD1(80)
DIMENSE(ION

1000
ADD2(80),ADD3(80),ADO4(80),TEL1(80),TEL2(80)WRIT3,)

1000 FORMAT(2XOST(.DENTS ENROLLEDit/t2X0JOHN F. KENNEDY SENIOR HIGH
1SCHOOL',/,2WPROBLEM SOLVING COMPUTER STYLE',/,2X0SUMMER 1968'1/
2///)
RFAD 12,5) XKJ

5 FORMAT (F10.2)
KJXKJ
WRITE(3,1)

1 FORMAT(1H1)
WRITE13,4)

4 FORMAT (2X,'FIRST NAME',3X,'LAST NAME1,4X0ADDRESS',16XOTELEPHONE
110////)
READ (2.2') (FNAM1(I) ,FNAM2(I),SNAM1(I),SNAM2M,ADD1(I),ADD2(I),AD
103(I)IADD4(I)ITECITTI,TEL2(1),I=1,KJ)

3 FORMAT(2X02A5,3X02A5,3X04A5,3X,ZA50//)
2 FORMAT (10A5)
WRITF(3,3) (FNAM1(I),FNAM2(I),SNAM1(I),5NAM2(I),ADD1(I),ADD2(I),AD
1D3(1),ADD4(I),TEL1(I),TEL2(I),I=1,KJ)
CALL EXIT
END



FEATURES SUPPORTED
EXTENDED PRECISION
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 2410 PROGRAM 258

FND OF COMPILATION

// XEQ

STUDENTS ENROLLED
JOHN F4 KENNEDY SENIOR HIGH SCHOOL
PROBLEM SOLVINGCOMPUTER STYLE
SUMMER 1968

FIRST NAME LAST NAME ADDRESS TELEPHONE

AYL IF AR TUS 1713 TENNESSEE ST 943-7298

WALTER BARNES 14 THRUSH ST. 282-9557

SALVATORE RECNFL 11200 CHEF MENTEUR 242-1150

CHARLES BIBBINS 1220 5. MIRO 529-2342

G. ANOTHER VERSION OF THE SAL VIE PROGRAM

1. Problem. Write a program similar to the one just illustrated, but arrange the list in block style, as would be
used to address envelopes. Zip codes will he found in columns 51-55.

2. Solution:
a. Since the alphabetic inforthation has been given variable names, it can he moved by adjusting the

FORMAT statements. The same type of outpilt could be produced for extremely long lists without
storing all the variables using the continuous loop technique.

b. Coding form.

IBM

I .

HTITRANCodlmrum

7 I I -I"
r. ._J _I L i L L

fORMANSWEMEN1

G.1totmo _PA __NAMES

1 )., ADD 3.( So)., .Azz 41.(0)1).zz.P..( o.)
.Rskt. 3.)14.1.

o T
Ats.i.r. E_ C3, 1) 1

_ ..________ ________
.i. F col AT (1.A 1 ) .

W.RIi (3_,..i. o_oi_ , i
,....1..0..QA .1.E0_72.MAT_C Z X ,.....ST..U:D.ENT . .E..NR.0 L L..g A t ) 2X ,. .J.c) RN F .

' icE
NY_E 0 1' .S.ENIO.R t.z.pl. Sd __

1 ioo,t , i, ZX, P 1 OB LEM goL vING-Cornykx ER vrA.g., 1,.2X., SUrnEF_._1_96.91.,./ti___ . ... ..
11

--(2 , 2), cf-A1A ii,-CT -3-EPA-E612.-41 .A.V11 (...11..SNAM2 (11.)._,_A D1..(1_) ,.A3)..b.2..(I.),A111
-- ... --

3
-T-.) i MID 41 I ),__ P.J.1 ...,.1..2.1_0412____

T--(1. A -,4-.A.S.., _.2,X_). ilA25_,I, .2.X_ iii. _0 ILL_E 5-,..L.ctuS.5xAnA.._.,..21., A.S.,11/_./.").____ _______I

C A.L. L E X.LT
N_D 4
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c. Printout.

PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0001 0001 0000

V2 M04 ACTUAL 8K CONFIG 8K

//
*IOCS(FORCARDOISK.1132PRINTER,TYPEWRITER.KEYBOARD)
* LIST SOURCE PROGRAM
*EXTENDED PRECISION
C THIS IS A PROGRAM TO PRODUCE A MAILING LIST OF NOT MORE THAN 80 NAME

DIMENSION FNAM1(80).FNAM2(80),SNAM1(801.SNAM2(80).ADD1(80}.ADD2(80
1).ADD3(80).ADD4(80).ZIP(80)
READ(2.5)KJ

5 FORMAT(I2)
WRITE(3.1)

1 FORMAT(1H1)
WRITE(3,1000)

1000 FORMAT(2XOSTUDENTS ENROLLED°./.2X.IJOHN F. KENNEDY SENIOR HIGH SC
1HOOLIII/o2X0PROBLEM SOLVINGQ<OMPUTER STYLEI./.2X0SUMMER 1969'.///
2/)
READ(2.2) IFNAM1(I).FNAM2(I)oSNAM1(I) IPSNAM2(I),ADD1(I).ADD2(I).ADD
13(I) oADD4(I).ZIP(I).1=1.KJ)
2 FORMAT(8A5.10X,A5)
WRITE(3113)(FNAM1(I).FNAM2(I).SNAM1(I) IISNAM2(I).ADD1(I).AD02(I).ADD
13(I),ADD4(I),ZIP(I),I=1.KJ)

3 FORMAT(2X,4A5./.2X.4A5./.2XIONEW ORLEANS. LOUISIANA'.2X,A50////)
CALL EXIT
END,

FEATURES SUPPORTED
EXTENDED PRECISION
IOCS

CORE REOUIREMENTS FOR
COMMON 0 VARIABLES 2168 PROGRAM 226

END OF COMPILATION

// XEO

STUDENTS ENROLLED
JOHN F. KENNEDY SENIOR HIGH SCHOOL
PROBLEM SOLVING COMPUTER STYLE
SUMMER 1969

AYL/E ARTUS
1713 TENNESSEE ST.
NEW ORLEANS, LOUISIANA 70117. .

WALTER BARNES
14 THRUSH ST.
NEW ORLEANS. LOUISIANA 70124

SALVATORE SECNEL
11200 CHEF MENTEUR
NEW ORLEANS. LOUISIANA 70128
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H. A PROBLEM HAVING A SPECIAL EXIT FROM A LOOP

I. Problem. Write a program which will examine a list of 10 numbers representing debits and credits to find
the first location in which a credit (negative number) is found. The location of this number on the list and
the number itself are printed.

2. Solution.
a. Flowchart

yes

Write
No

Credi .s

t
A(1),
CREDT
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b. Coding form

FIRST GREAT .

FORTRAN Coding Torin ff[J
Lii,RAN ...TAtvENI

C. r A LS, P R.o.OR.VA. LIND Sit In it.DCP.TlioN....o F . TA E._.F .FIRS
T

C. D LBA:T.S A:ND/0 R .CA_LtalT 5 . AT 3.i. I. LAT RATI.S A ..S.1).
. '',DIMEAS.IONI A(1.01)

8, .READ,(2, 1) (A(Ii,/ :1 ;10
1 ...F.ORMAT(8 F 10, Z

:DO ; I: 1 10.

Z
Ip.o/VT,ZNQE

i;... ... i. 1

. : iNF.((I)) 3i, 2, 2 1

: G0 TA s 1
i 1

3: .C.ALIIIT.21.. ix
VR1.1*(4, 4) CAE TiAT , A y.)

a

4; .F 0 It mAT (2 Xi .! 4.R.EDI.T_ACC..0.0. F6
'00. TIO ,1)..

51..W.R.III L L 3, .61)
61 '1F.ORK{A10./1,1..NO..ACC0UNT.S ARE. .c. .)..

GO TO a ,

.
li CA 11. E./It..EXIT.

t
. .. :ENV. ... .1 . . .

c. Printout

PAGE 1

// JOR

LOG DRIVE CART 'SPEC
0000 0001

CART
!I
AVAIL

0001

V2 m04 ACTUAL 8K CONFIG 8K

TM CAL D.1.T.._.Fs.o.I4 ar...1.0___
tiAL.

_

EA.I.T I R.sun.
_L.Z.$
10.1-0

. .

)
---.:

- ,

PHY DRIVE
0000

// FOR
*IOCS( CARD,DISK .1132PRINTER,TYPEWR I TER,KEYBOARD) (.7"

* LIST SOURCE PROGRAM .

C THIS PROGRAM FINDS THE LOCATION OF THE FIRST CREDITOFROM A LIST OF 10
C DEBITS AND/OR CREDITS. IT ILLUSTRATES A SPECIAL EXIT FROM A LOOP

DIMENSION A( -rt
8 READ(2,1)(A(I),I=1,10)
1 FORMAT(8F10.2)'
DO 2-1=1,10
IFCA(I))3,2,2

2 CONTINUE
GO TO 5

3 CREDT=I
WRITE(3,41CREDT,A(I)

4 FORMAT(2XOCREDIT ACCOUNT NO',F3.0,1X0VF6.2)
GO TO 8

5 WRITE(3,6)
6 FORMAT(2X,'NO ACCOUNTS ARE CREDITED')

GO TO 8
7 CALL EXIT

END

UNREFERENCED STATEMENTS
7

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 26 PROGRAM 142

END OF COMPILATION

-// )(F.()

NO ACCOUNTS ARE CREDITED
CREDIT ACCOUNT NO. 6. $ -14.98
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FORTRAN LANGUAGE

Unit VII
A. FUNCTION SUBPROGRAM

1. When a function is to he used repeatedly in a program, but cannot he expressed in a single FORTRAN
arithmetic expression, a fir iction subprogram can he writtn, stored on she disk, and used in the same
manner as a library ftinction, or an arithmetic statement function.

Q. Form
a. FUNCTION Statement The word FUNCTION followed by a function name, an open parenthesis,

a list of dummy argumcnis separated by commas, and a closed parenthesis.
FUNCTION DIST (A,B)

(I) The mime has 1-5 alphameric characters, the first of which is alphabetic.
(2) The mode of the FUNCTION is implied by the first letter of its name.
(3) Arguments 6.

(a) Time arguments need not agree in mode with the FUNCTION.
(h) The arguments are dummy variables. Their vah- - is not defined in the subprogram but will

be supplied by the statement in the main progra... which mention; the function name.
b. After the FUNCTION statement any combination of program steps may follow to determine the val-

ue of a single result.
c. A statement must he included in the program steps that sets the NAME of the function equal to the

desired results.
d RETURN Statement'

(I) The word RETURN
(2) The computer is told to start the main program where it left off.

e. END Statement
(1) The word END
(2) Every subprogram must have its own EI;ID statement.

f. If the FUNCTION deals with arrays, it must have a DIMENSION statement. This would he placed
immediately following the FUNCTION statement.

3. Execution -- The FUNCTION is called upon by using its name in an expression in the main program.

B. WRITING A FUNCTION SUBPROGRAM

IBM

1. Problem: Although the 1130 library does not contain the arcsin function, a programmer solving trigonome-
try problems would probably have use for this function. Write a FUNCTION subpr'ogram called ASINE
which will compute the value of THETA in radians for any known value of the sine of theta. Remember
that the word SIN can not be used as a variable as it is a library function.

2 Solution:

_ NIA& 1.1_01V--.S.1_AIE
TAN)._ SLANG ,.SQ -RS

ASI ME.. THETA .
R.E.T U.RAL. .

it

(.31A./Jtr)
(.1 71:1I ANG.ft* 2.).

FURThAN Furrn

...
FORIRA,4:040E,CNI
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C. PROGRAM USING A FUNCTION SUBPROGRAM

1. Problem Sides A and C of 20 right triangles ABC are known. Solve the triangles. Allow space for valuesof A. and C below 1000 to the nearest hundredth. Print out the given information and the values of the an-
gles in, degrees to the nearest tenth and the missing sides to the nearest hundredth. If A and C are not feasi-ble sides of triangles print out a message to this effect. Flowchart the problem first.

2. Flowchart

\\\\Write

Error
Message

..,

es

RadiansRadians To2
Degrees

Write
Column
eadings/

_I

toi

/Read Sides
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Write
Error

Message
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3. Solution

IBM 3 AN 1.1, Form

.1_

./4/1/4E/ S.:L.114P

1

.II!.Aliit LIE PR oit L 6.A.....P. 1. A SI DL AND .C.. I
.C__.T.0 146. I...6,04S i RIAU. it/l.. .AINGLE.S PAL Co AP all' E.D .TO HU DRIDTH S. 011 1:0.6.0.R

C,. Co MPAt r E-D; To Tim NEAREST 1114111 RED.T H '. .

L. . .DItikt,Al SION A( 2.0) ,l(ia.,0), C (2.0) ;DEGRA( la) ,ILGAII (,2. 0)
G..(_ a.../ 3 ...1.44.1.. ____ .

11------2-{1F4A1 f-(1-4V-,\ rri-LIIV.E-t1-1-1-2-11X-1_1. So_LIAT
_____ .. .R.:I_T.r.,_k_3_31/.. _

,_. 3 10.R.h1AT ( 9.X:, ..A..., 1 2.X, . I C.. , I 4 X., 1 8 i
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FORTRAN Coding Form

FOR T PAN STATEMENT

L 71114 FS

4. Printout

-------.

, :

I.

, . . . . ' .

P AC1F

_LOG_DRIvE CART SPEC CART AvA/L__
0000 0001 0001 ,WOU

V2 vilS ACTUAL 8v CONFIC 474(

// Fn9.
-*-111C.SCCA9010/SK,11371712/NTEgO:YPEWRIITR.KEYROAWI
* LIST SONPCE PROGRAv-
* NAvF SI-P

--C-RIGHT-TRIOGLE-PPORLEm* A IS A S/0EAND C IS THE HYPOTENUSE. A AND C ARE KNOWN
C TO RE LESS THAN 1000. ANGLES ARE COMeUIED TO HUNDREDTHS OF DEGREES.. SIDES ARE

cuvollypn TO THE mEARTST MWOREPTH-.
ilfENSION A(701.0(70).C(20),DEGRA(20),DEGR8(70)
DEGIRAD)=RAD*180./3.1A1S
R-17-P1112-1-

7 FOWAT(14KgiGIVENtOgKOSOLUTION')
WRITF)3,3) 0

-----7---3-rORVATMOA',12X0C1.14K0BrOXVTANGLE A.,6*;1ANza 51)
DO 70 1=1,70
Dfhni.24LL AtIlCIII

4 FORMATI7F8.2)
SINAmA(1)/C///

7 WRITF(10)
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q FORmAT(2X0C NUST 4r. GIVEN, NO SOLUTION')
GO TO-20

R IEIC(I)-A(I))10.10,6In UCLITFL3-111
11 FORMAT(2X,'C MUST RE GRFATFR THAN A, NO SOLUTION')

GO TO 20
6 -SINA.A(I-1/-et1-1--
RAOA=ASIISINA)
DEGRA(I)=0EGIRADA)
DEGRACIT=R0.---DFGRACI1
R(I)=SORT(CIIII*2-A(III*21
1,ern TrIsk.51Af -Ft1I1- DEGReiU-UEr,A3III

5 F3RmAT( 2X,F8.2.5X.E8.2.7X.F8.2.5X,F8.2,5X,F8.2)
20 CONTINUE

CALL EXIT
ENO

r A[uRFS SUPPORTED'
I OCS

CORE RFOUIREmENTS FOR SIHYP
COmvON '0 VARIABLES 214 PROGRAM 290

ENO OE COMPILATION

-/7"-OUR

*STORP Wq LIA SI4VP
CART ID 0001 08 ADDR 1FFA 013 CNT 0015

PAGE.

// JOR
,varist

e

LOG ORIVE CART SPEC CART AVAIL P1Y DRIVE
0000 0001 0001 0000

V2 m05 ACTUAL 8K CONFIG PK

---//-FOR-
* LIST SOURCE PROGRAM
*NAVF Lic.1.017

FUNCTION ASIN!E(SIANG)
TAN=SIAN:G/SORT(1.-SIANG*42)
THETA=A7ANt-T---
ASINE=THETA
RETURN

-ENO'

CORE PFOHIREMF4T5 FOR ACINF
COMMON 0 VARIABLES

ENO OF COMPMATION

// OUP

8 PROGRAM 38

*STORE WS UA ASINE
rAR.T ID 0001 On ADD"? 2nnE OA CNT

// XEO SIHYP

GIVEN SOLUTION
A C B ANGLE. A ANGLE_ B

4.0-0 5.00 3.06 53.12 36.87
7.00 12.00 9.74 35.68 54.31
3_50 6...25 - i

. 55_9'i
154.27 200.01 127.29 50.47 39.52
3R.50 62.75 . 49.55 37.84 52.15

------UST-E--GT-VEN-, -N-0-SOLUTION--------7------- _ _____ _
C MUST BE GIVEN, NO SOLUTION
C MUST HE GREATER_THAN k_i__NO__OLUILQN __________ __ _
(7.asT -AF GRE6TERr4AN At 0 SOLUTION--

184.00
10 nn

-- 276.00. - 205.71'
31-.17

41.81
29_9.9-

48.18
60-00

14.00
_36_00-
18.00 11.31 51.05 38.94

5321.00 . 7832.00 5746.92 42.79 47.20
55-2-2 -.1---- 17-.1.&--- 769754-20I,-52-

22.3620.00 30.00 41.81 48.18
12.00

4-5A2,00
56.00 54.69

513.51
12.37 .

83.5 -3
77.62-

6.464561.0-0
89.00 857.00 847.33 5.99 84.00An_nn 2.00-00 145-95 11-53
65.10 89.00 60.79 46.91

_78./16
43.08

---T4nE

// Jpq

LOG'ORIVE CART SPEC CART AVAIL PHY DRIVE
nnno 0001 n001

V? m05 ACTUAL .8K CONFIG RK

// DOR

11-OELFTF
CART In 0001 Oa ADDR 200F OR CNT 0004

*OFLFTE SIHYP
CART ID 0001 OR ADDR 1FFA DA CNT 0015
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D. HOW TO STORE A FUNCTION SUBPROGRAM

I. The deck for the subprogram may be placed after the END card of the main program.

Regular control cards precede the FUNCTION subpi ()gram deck.
a. // JOB
1). / ,/ FOR
c. °LIST SOURCE PROGRAM (optional)

:3, Special cards which are needed to store the function subprogram on the disk.
a. // DU P

This is a monitor control card which actiates the disk utility programs which, accomplish storage on
the disk.

b. °STORE WS UA NAME
Spacing on the storage card must be exactly as described. °in column I, STORE in columns 2 thru 6. 6
blank spaces, \VS in columns 13 and 14. 2 blank spaces, UA in columns IT and I.S. 2 blank spaces,
NAME (the name of the program, formulated by the programmer in accordance with naming rules)
begins in column 21.

E. DELETING A PROGRAM FROM THE DISK

1. To keep the USER area of the disk from becoming filled, and thereby unavailable, it is necessary to remove
subprograms when they are no longer needed.

Three cards are needed to remove a program from the disk. They are:
// JOB
// DUP
°DELETE ASINE
The FORMAT of the DELETE card must be precise, in column I, DELETE in columns 2 thru i and
the subprogram name begins in column 21.

F. HOW TO STACK THE DECK OF A PROGRAM HAVING SUBPROGRAMS

// JOB
// FOR
° IOCS
°LIST SOURCE PROGRAM (optional)
°NAME SIHYP
C TRIANGLE PROBLEM. A IS A SIDE AND C, etc.

(card deck for main progral.1)

END
// DUP
°STORE WS UA SIHYP
// JOB
// FOR
LIST SOURCE PROGRAM (optional)

FUNCTION ASINE (SIANG)
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(card deck for FUNCTION subprogram)

. RETURN
END

// DUP
°STORE \VS UA ASINE
.1/ XEQ.SII-IIT

DATA CARDS
// JOB
// DUP
°DELETE ASINE
// DUI)
°DELETE

G. SUBROUTINE UBPROGRAMS

1. This type of program is similar in riAny ways to the FUNCTION subprogram with one exception being
that it may be used to compute as many results as a problem may require.

2. The SUBROUTINE is used when a set of operations which %vill be used many times is grouped together.

3. It is brought into use-by a special Statement consisting of the word CALL, the subprogram NAME, select-
ed by the programmer, and as many dummy arguments and variables as are needed to perform the compu-
tations. The variables are separated by commas and enclosed in-parentheses.

CALL ROOTS (A,B,C)'

The SUBROUTINE is constructed 'using as many FORTRAN arithmetic statemecits--as'are needcd.to per-
form the desired operations.
a. A_statement beginning with the word SUBROUTINE and followed by the name and its arguments

must be the first statement.
SUBROUTINE ROOTS (A,B,C)

b. The execution statements must end with a RETURN statement:
c. Every subprogram must have its own END statement.
cl. If the SUBROUTINE deals with arrays, placea DIMENSION statement after the SUBROUTINE

statement.
e. .COMMON Statement

(1) COMMON statement is used to alloW the sharing of storage between. programs and subpro-
grams, so that a value computed by- a subprogram can become a part of the main program or of
another subprogram.

--The statement consists of the word COMMON followed by a list of variables or array names, sep-
arated by commas. .

COMMON H1, LOC
(3) Every COMMON statement usually has a counterpart in-another program or subprogram..
(4) The variables listed in the CUM N'ION statement will share storage locations in the order in which

they are listed. If the first variable on the COMMON list of the main program is PRICE and the
first on the subroutine COMMON list is COST, then PRICE and COST will share the same stor-
age locations.

(5) Any number of programs may have COMMON statements.
(6) If thereis no 'variable in themain program to be shared according to the variable list in a subpro--

grain, the place or order in the list can be retained by inclusion of dummy variables as
placeholders.

(7) The COMMON statement is placed after the DIM ENSION-Statement. and' must precede any
executable program steps.
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H. WRITING A SUBROUTINE SUBPROGRAM

I. Problem: Write a subroutine that will find the highest number in a list of real numbers. The number of
variables in the list must be flexible, but the program must accommodate at least 500 positive numbers,
with a maximum value of 100.00.

2. Solution and flowcharts follow.

L PROBLEM USING A SUBROUTINE

1. Problem: Sort a list of averages (real numbers) from the highest to the lowest using the subroutine HIAVG
to find the largest in the array. Place HIAVG in a new array each time it is found, and remove it from the
old array so that it is not used again.

2. Solution and flowcharts follow.

Start

Dimension
AVG(500),
AHIL0(500)

Common

HI, LOC

Write
ocumenta

tion

AVG(I)m
O. JsJ4.1

80

Call HIAVG)
(AVG(1),N)

AHILO(J)gai

Write --
AHILO(J) Jul,N

Call
Exit



I Wbroutine
HIAVG

L
(AVG,N)

Dimension
AVG(500)

Common
HI, LOC

HI=
AVC(I)

81



IBM FORTRAN Eking Farm

1 1. 1-
-

.r.....

. --
FOR7,/,1 iAfE,KJI

----
a . .

I

i.E.4.:ALAi 5
N

A I ' . -

- -

T

.
I

_-
,

....._itiv.i, 4v:6:( 506)
L:ci.o' mom_, i..,..L.o'.. _i_L-...-.1.1....

A KILO
...L._i_i_.

. -

Gt11 A

P 1 ,:..

!II. :

(.5c3O
' !

_.N./I.U.

s
tfiE,R_
1- i -.. :

I, i 1

.i_777.

.A11HMAE.,.....A...L./_$
MAY__
%I.:G.N.

i ;

...

_ __

I

L.

..

__._....1
i________ 2.

WRITE-(
_ f_O R MAT_
SS i54.G.1.--'

,2...ttil(_ftLIII___,`
is,Oid

3,2 ). ---- -- -
( 2.1X,;. T. IIII5.._13R10

OIRP Lal .-. P.._ T...137.iflo.o_.Attietee.R

t
1

I

of imiAmt f- RI s .1.N
4. t..,.. X_ Hie:

tof...0 Cf. ND
LT__ C Vitt_

#

LILLL
,'4' t; :, !i.,

s) = o'.,.T:-)

4/.(.8.
7 1

to' II.11/A4t..AL41/417
l t ; :. ,

! i i 1 1,

.1.-.N.11R,E,D...

F.Y.1 tit __..T. HE--

, ..:
.

.I.

S.'LZ..1-__

. , ,-

,...../.1_.T ._F.X.R
0...11,___TLitt. ''1...L ST

, ._,___,.,___
a.: Ii) ! ' '

.

.

. . ,

_

:[ I ..4:o.__Avall

F.011/HAT_(.i .:_____. _________3- F.11.I0.. ra_).)

HI:, i I '.;

,_.,.1

:P !' I I--t:'0 ',..It'r- ',I I- I : I I 1

.

:I e*41,7,1411,
I. ...F.

L.O.C..).s.0

I./1UL_
L-CFS-t-11)-("k1
Kr.iitii,

t

4/14..(1.Ii
.____: _

.__.: . _.

Islf1tioi,

... ,I 0

)-1417:
-,, 1t- H. 'A41.11;0tO _.__:._..1

_

.

1-0137)-):J_
'i) '

_,_

:14--)-
;Lc-L-1-

.L._

. . .. .

N) 1
.

____7 _ 'AV/I.(
_..__._3.0 ._ C.0.#.T

-/4-IW
Pri 4 i iiii' 9, ''4v. ,..,7:, .,

r i

,: - ,. ,; : ! 7

,-

_ ...------
1-

IBM
11131t01.1...11AIL___1IAV G_...

FORTRAN Lodgng Form

FORA.AN tifILMENT

$1,6'64.Y4.-1,'
92..pie..4,44.°4 50.04.;_ I.': :

c,16Abiisi.L..itti.,.Lo1c.' 1 ' ' r i

____ _ . _ HI..iil_G.( I ) - . - -. - -.- . - .. --

_____. ___ ...Ilia ..2:40 __L .1 ,.A/ t.. ..

-.A.V_Cr.(.Z,)-)-3 },S-r1-2-,-°
4,0:.,(.3.) '

2..c) e'da r :mit_

4

82



PAGE 1

// JOR

LOG oluvF CART SPEC CART AVAIL PHY DRIVE
0000 0001 0001 0000

V2 o4 ACTUAL 8K CONEIG AK

// FOR
*InCSCCARD,DISK.1132PRINTER,TYPEWRITER,KEYEOARDI
*LIST SOURCE PROGRAM
*NAME AHILO

DIMENSION AVG150310HIL0(500) .

COMmON HI,LOC
I WRITE13,7/
2 FORMAT (2X,'THIS PROGRAM BILL ARRANGE A LIST OF NumeEks IN DESCEND
1ING ORDER.,UP TO 500 NUMRERS MAY HE ENTERED.',/,2XOTHE FIRST CARD
2 ENTERED CONTAINS AN INTEGER SIGNIFYING THE SIZE OF.THE.LIST.'//)
no 40.1=1,500

'AO AVG(I)=0.
READ(2,3)No(AVG(I)oI=1.N)

3 FORmAT(14/(8F10.2))
DO 30 J=10
1=1'
CALL HIAVG(AVG( ),N)
AHILO(J)=HI

7 AvGtoc)=0.
V) CONTINUE

wRITF.(3,4)(AHILo(J),J=1,N)
4 FORmAT(2X,5F20.2)

CALL FXIT
END

UNREFERFNCED STTEMENTS
1

FEATURES SUI-PORTED
IOCS

COPE REQUIREMENTS FOR AHILO
COMMON 4 VARIABLES 2008 PROGRAM 262

END OF COmPILATION

// NIP

*STORE WS UA AHILO
CART ID 0001 DR ADDR 200A oe CNT 0012

PAGE 1

// JOR.

LOG DRIVE CART SPEC: CART AVAIL PHY DRIVE
0000 3001 0001 . 0000

V2 M04 ACTUAL '8K CONFIG AK

Z/ FOR
*LIST SOURCE PROGRAM

SUBROUTINE,HIAVG(AVG,)
OImENSION AVC,(500)
COMMON HI,LOC
HI=AVGII/
DO 20 I=1.N
IFIHI-.AVS(I))5.5,20

5 HI=AVGII/
LOC=I

20 CONTINUE
RETURN
END

CORE REQUIREMENTS FOR HIAVG
COMMON 4 VARIABLES 4. PROGRAM 60

END OF COMPILATION

*STORE WS UA .HIAVG
CART ID 0001 DB ADDR 201C DB CNT 0005

PAGE 1

// JOR

LOG DRIVE CART SPEC CART AVAIL
0000 '- 0001 0001

V2 MOA ACTUAL 8K CONFIG 8K .

// XE0 NAIL°

PHY DRIVE
0000

THIS,PROGRAM WILL ARRANGF A LIST OF NUMBERS IN DESCENDING ORDER. UP TO 500 NUMBERS MAY BE ENTERED.
THE FIRSTCARD ENTERED CONTAINS AN INTEGER SIGNIFYING THE SIZE OF. THE LIST.

100.00
93.00
92.05
74.00
62.00

// DUP

98.50
92.00
82.00
70.00
61.00

*DELETE. HIAVG .......---

CART ID 0001 DR ADDR 201C DR CNT 0005

*DELETE AHILO
CART 100001 DB ADDR' 200A DB CNT 0012-
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97.00
90.00
81.50
69.00
59.75

96.33
87.50
81.50

.63.75
52.00

95.00
83.33
74.00.
63.50



FORTRAN LANGUAGE

Unit VIII

DOUBLE SUBSCRIPTS

1. To review, subscripts are used to identify a particular variable in an array or a list of variables.

2. Whent here is more than one list in the array double subscripts may be used.

3. The form of a double subscripted variable name is the name followed by a pair of parentheses enclosing
the two subscripts separated by commas.

LIST (I,J)

4. The rules for single subscripts apply also to double subscripted variables.

5. The first subscript signifies the position of the variable in the sub-array, and the second subscript signifies
the number of the sub-array.

LIST (5,2)
The variable is the fifth member of the second list.

6. A double-subscripted DIMENSION statement must he placed in the program if a double subscripted ar-
ray is used.

DIMENSION LIST (10,4)
The statement would reserve storage for 40 values of LIST, 4 arrays of 10 values each,

B. MATRICES

1. A group of numbers arranged in a rectangular array is known as a matrix.

2. Double subscripted notation is used to indicate the positions of variables by row number and column
number. A 3 x 2 matrix may be indicated as:

A (1,1) A (1,2) .

A (2,1) A (2,2)
A (3,1) A (3,2)

The 1st subscript refers to the row and the second to the column of the array.

3. Within the computer the two-dimensional array is stored in single array form as follows. A,(1, 1 ), A (2,1), A
(3,1) A (1,2), A (2,2), A (3,2). Each column is laid out in order before a new column is begun. Notice that

subscript is completely cycled before the second subscript moves up one.

4. 1130 FORTRAN also allows 3-dimensional array notation.
a. Triple subscripts are used to identify positions.
h. The computer treats the 3-dimensional array as an array divided into sub-arrays each of which is also

divided into a 2-dimensiOnal sub-array.
C. The first subscript is advanced most rapidly, each time it reaches its limit the second subscript is ad-

. vanced and when the second reaches its limit the 3rd is advan, ed.

C. , DOUBLE SUBSCRIPTED INPUT/OUTPUT STATEMENTS

1. The FORMAT of the self-indexed input/output is:
READ (2,1)((AGE(1,J),1=1,5),J =1,40)
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This FORMAT is precise, two open parentheses, the variable name, open parenthesis, two dummy sub-
scripts separated by a comma, closed parenthesis, comma_one index definition, closed parenthesis, corn-
ma, second index'definition, closed parenthesis.

2. The double-indexing works like nested DO-loops, the innermost index cycles completely, then the outer-
most is stepped up by I, and the innermost cycles completely again before the outermost steps up again.

3. The READ illustrated above will read the quantities in the following order:

AGE (1,1), AGE (2,1), AGE (3,1), AGE (5,1),
_AGE (1,2), AGE (2,2), AGE (5,2 ),

AGE (1,3), AGE (2,3), etc.

4. To reverse the order of reading an array the index definitions may be reversed.
READ (2,1)((AGE(I,J)J=1,4),1 =1,5)

Will read .alues in the order:

AGE (1,1), AGE (1,2), AGE (1,3), AGE (1,4), AGE (1,5)
AGE (2,1); AGE (2,2), AGE (2,5)
AGE (3,1), AGE (3,2), AGE (3,5)

5. To write an array it is usually convenient to print a row at a time so the second subscript should be cycled
most rapidly. The same sequence as listed on the preceding page in the READ would be used with the
word WRITE.

WRITE (3,1 )(AGE(1,J),J = 1,4),I =1,5)

6. All variations of listing which apply to self-indexed input/output statements also apply if these variables
are doubled subscripted.

D. A PROBLEM USING DOUBLE SUBSCRIPTED VARIABLES

1. Problem , The sum of two matrices maybe illustrated as follows:

k(I,I) k(I,2) k(1,3)
k(2,1) k(2,2) k(2,3)
k(3,1) k(3,2) k(3,3) 1

1(1,1) 1(1,2) 1(1,3)
1(2,1) 1(2,2) 1(2,3)
1(3,1) 1(3,2) 1(3,3)

k(1,1)+1(1,1) k(1,2) +l(1,2) k(1,3)+1(1,31)
142,0±1(2,1) k(2,2)+1(2,2)' k(2,3)+1(2,3)
k(3,1)+1(3,1) k(3,2)+1(3,2) k(3,3)+1(3,3)

Write a program that will add two 5V-4 matrices.

2. Flowchart
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Skip 3
Lines

Write

J=1,4
1:1,5

Skip 5
Lines

Last
Card?

yes

End



3. Solution

IBM
.
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4. Printout

DA(Z 1

LflO tAvP
. CART .SPEC CAR T AVAIL PHY DRIVE

0001 0001 , 0001 0000

v.2. m04 ACTUAL . 9K CONE IG 9K

// FOP
*Ioc5(cAR1)9nIsK91132PRINTER.,TyPEwMTER,KEyRoAR2) .

* LIST SOURCE PROGRAv,
c PROGRAM TO AnD TWO MATRICES AND PRINT OUT RESULTS.

DImFmSION K(594), L(5,4), Y(5,4)
lnl RFAN tl ) (K( I ,J ) 9J=1 94) I=1-95 ) ( (t11-4)J),J=1.44),I=1,5)

1 FORM/\T(4110)
nn-1 1=1,5
Do 1 J=1,4
mi I ,J)=K( I 9.))+L(

3 CONT I NUE
WR ITF ( 3 9 2 ) ( ( K ( I 9J) ,J=194) =1,.5)

7 FORmAT ( 941 10 )
WP I TF

5 FORMAT(///) I
-WRITF(392)(lL(It.J.)J=194)91=195)
WPITF(3,5)
WPITF(392)((m(19J1i.)=1'94),I=195)
WRITE(3,4)

4.FORmAT(//////).
00 TO 100

111 CALL FX I T
.END



UNREFFRENCED STATEMENTS
1 1 1

FFATUPES SUPPORTFD
Incs

CORF REOHIREmENTS FOR
COMMON n VAR IARLFS

Thi9 OF COMPILATION

/ / X FO

126 PROGRAm 788

4 8 3 4)

6 -1 2 3
7 4 1 3? 8 4 9
6 5 4 3

3 ? 1
R 7 65 6 7
4
1

5
2

9
4 .3

7 1 n 4
6

2 2 6 5
2 13 17 1?
7 7 9 6

E. MORE DO-LOOP PROBLEMS

1. Although a plotter is available for the IBM 1130, satisfactory graphs can be produced by using the double
subscripted variables and nested DO-loop facilities of the computer.

2. Prcblems
a. Write a program to produce a graph of a linear function of the form y ax+ b, for values of -30Z._ +30

at intervals of 2.
NOTE: BLANK, DO'!', STAR are 3 alphameric variables which are entered on a card, the first
column is blank, the second column contains a period, and the third contains an asterisk.

(1) Plan fof solution.
(a) Read alphameric characters and variables a and b.
(b) Fill a 61 x 61 array with blanks.
(c) Fill column .31 with dots.
(d) Fill row 31 with clots.
(e) Under control of the index of a loop (I )set up values of x from -30 to +30 at intervals of 2.
(f) Compute v from eh value of x.
(g) If y is greater than 1311 the point will not be on the graph, so try another value of x.
(h) If y is less than 1311 determine its location on the graph, and find the subscript correspond-

ing to this location.
NOTE: Adding .5 to the value of v before changing it to an integer to represent the subscript
has the effect of rounding off the number e.g., if y = 7.3 adding .5 before the 1FIX yields
7.8 which is truncated to 7, if y = 7.6 adding .5 gives 8.1 which' is truncated to 8 by the
1FIX

(i) Set the point determined by (x,v) to a star.
(j) When all possible values have been calculated write the CRAP1-1 array row-wise.
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IBM

(3) Coding sheets

FORTRAN Coding Farm

GRAP_Pi . t.b
_ _

(DV ncn

_ C2,-,1) :LAN .K
1 .FOS.MIAT(341)

R.E.A0( 2)At-B,
-2. -0 RA1AT

-

;gLIIT

1

-r
T

.4 F.O.Ri4A_T12.X 4_1k .y. AX
D.O. .5 .1.11, 61.

= I, 6..1,

6 1

4.1

(' 4jialigtity :9 !

GAM? )_V_ST.NR .

CONTINUF-

L.,

i

b .,A 1,15. Z., .5{X) B F

1
,

IBM FORTRAN Cod IN Form

FORM At, STA! EMENT
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(4) Printout

PAGE 1

// JOR

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0001 00C1 0000

V. MO4 ACTUAL 8K CONFIG 8K

'I/ FOR- .

**

LII0CST
5CARNE POISK,1132PRINTER,TYPEWRITER,KEYBOAAD)SOURCROGRAM

* ONE WORD INTEGERS
INTEGER BLANKOOT,STAR,GRAPH(61,61)

100 READ(2,1)BLANKIDUT,STAR
1 FORMAT(3A1)
READ(2,2)A0

7 FORMAT(7F5.21
WRITF(3,3)

3 FORMAT(1H1)
WRITF(3,4)A0

4 FORMAT(2XOGRAPH OF Y = AX + B ,A = ',F5.25X0B = ',F5.241//)
DO 5 1=1,61
DO 5 J=1,61

5 GRAPH(I,J)=BLANK
DO 6 1=1,61

6 GRAPH(/,51)=DOT
DO 7 J=1,61

7 GRAPH(31,J)=DOT
DO 9 1=1,61,7
X=FLOAT(I..-31)
YsA*X+B
IF(ABS(Y)31.)8,8,9

8 J=IFIY(31.5....Y)
GRAPH(I,J)=STAR

'9 CONTINUE

10 FORMAT( X,61A1)
GO TO 1 0

99 CALL EXIT
END

UNREFERENCED
99

STATEMENTS

FEATURES SUPPORTED
ONE WORD INTEGERS
/OCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 3738 PROGRAM 284

END OF COMPILATION

// XEO
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GRAPH OF V = AX + B A = 2.00 B = 1.00

*

*

*

*

*

*

*



GRAPH OF Y = AX + 8 ,A = 5.00 8 = -3.00

.

*

*

*

*



GRAPH OF Y = AX + B = 1.00 B = 4.00

*

O

*
*

-
90

*

*

*
*

*
9 *

*

*

*
*

*
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96 
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* 

* 

* 

* 

* 

*9 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 

0047 = 8 00'1 = V4 8 + XV = A dO HdV2:1E) 



GRAPH OF Y = AX + B ,A = 0.00 B = -2.00

4

* * * * * * * * * * * * * * * * * * it * * * * * * * * * * * *

co

C
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b. Using the same technique as in the preceding problem plot the graphy of y = sin (x) from 0 radians to
11.5 radians at intervals of .2 radian.

NOTE: Since the sine never exceeds' 11 , do not use a square array, a rectangular array will allow
120 spaces along the x-axis. A 21 row array would allow for values of the sine at every teiith'Vnn -1
to

(1) Solution:
Follow the same plan as in-the preceilug problem, first res rving acf for the array, then filling
it with blanks, and then filling the axes with dots. Comput values for the sine Of x for every value
of x from 0 radians to 11.5 radians. Round off the value of the sine to the nearest tent's and use
this value to find its position in the array. When all valUes are computed print the array row-wise.

(2) Coding form.

FORTRAN Coding Form

FORTRAN StAlFeoENI

IBM

-:________ ._VR.1..T_LH,C_S, t ) ( (
t.__L_____1.11 _.1E.O.FtirAr_..(.2 X _IA. A i)-.-
LL_...-_:... CALL ::EXI.T._ ..... ._ L ..L..::::

END.

FOR rHAN todow Form

FOI,TRAN
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(:3) Printed output.
PAGE 1

//JOR
LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0001 0001 0000

V2 MO4 ACTUAL 8K CONFIG RK

// FOR
*10CS(CARDOISK,1132PRINTERTYPEWRITERKEYBOARDI
* LIST snuRcE PROGRAM
* ONE WORD INTEGERS

INTEGER RLANKDOTAST.FUNC(11821)XY
READ (2.12)BLANKIIDOT.AST.XY

12 FORMAT (5A1)
DO 2 L=1.118
DO 2 K=1.21

7 FUNC(LoK)=RLANK
DO 5 L=2.117.

5 FUNC(L11)=AST
DO in K=1.21

10 FUNC(3.K)=AST
()0 2(1 L=3 11R *
2=L.-3
A=2/10.
R=SIN(A)+.05
K=11 ..IFIX(6.10e)
FUNC(LoK)=DOT

20 CONTINUE
FUNC(1.11)=X
FUNC(3.1)=Y
FONC(3.21)=Y
FUNC(119.11)=X
WRITE (3.13)

13 FORMAT (2XOTHIS IS THE GRAPH OF Y=SIN(X),.///)
WRITE (3.14)(IFUNC(LoK).L=1118).K=1921)

14 FORMAT (2XsI1RA1l
CALL EXIT
ENn

FEATURES SUPPORTED
ONF WORD INTEGERS
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIA9LES 2498 PROGRAM

END OF COMPILATION

// XEQ

THIS IS THE. GRAPH OF Y=SIN(X)

286

.

*

*
*
* .

X* . *********** * ******* **********.*:

C. Output - y tan (x)

PAGE 1

// JOR

LOG DRIVE CART SPEC CART AVAIL PHY
0000 0001 0001

v2 m04 ACTUAL BK CONFIO 9K

// FOR
*IOCS(CARD,DISK,1132PRINTER,TYPEWRITER,KEYROARD)
*LIST SOURCE PROGRAM
* ONE. WORD INTEGERS

INTEGER BLANK.DOT,STAR,GRAPH(61,61)
100 READ(2,1)BLANK.00T,STAR

1 FORMAT(3A1)
WRITE(3,3)

3 FOPmAT(1H1)
DO 5 1=1,61 .

DO 5 J=1.61
5 GRAPHII,j)=BLANK

DO 1=1,61
6 ORAPWI.31)=DOT
DO 7 J=1,61

7 GRAPH(31,J)=DOT
DO Q 1=1.61.2
X=FLOAT(I-31)/10.

-1F(cnsixy)3o,9,30
30 m=SIN(X)/COS(X)

IFCARS(Y)-3'.118,80
8 J=31-(IFIX(Y*10.))
GRAPH(I,J)=STAR

9 CONTINUE
WRITE(3,10)((GRAPHII,J,,I=1.61),J=1,611

10 FORmAT12X.61A1/
GO TO 190

9R CALL EXIT
END
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UNREFFRFNCED STATEMENTS
9C

FFATUPFS SUPPORTED
ONF woRn INTEGERS
IOCS

CORE REOUIRFmENTS FOR
COMMON 0 VARIABLES 3734 PROGRAM 258

END OF COMPILATION

/1 XEO

*

*

*

*

*

*

*

*

F. SPECIAL FORTRAN SUPPLIED SUBROUTINES

1. SLITE and SLITET These subroutines simulate the testing of lights that can be turned on and off and
tested by program statements. The lights do not actually exist on the 1130, but the program may use the
subroutines to produce the same effects as if they were present.
a. To rake use of the SLITE subroutine the statement,

CALL SLITE (I)
is used. I'. is an integer variable which may only have the value of 0, 1, 2, 3 or 4. If I = 0, all 4 lights

are off; if I == 1, light I will be tm /Jed on; and so on.
b. To test the status of the test lights the statement,

CAL1_, SLITET (I,N)
might be used -I- is an integer variable which may equal 1,2,3 or 4 and N is an integer variable which
may equal 1 or 2. This second variable N will be set to 1 if the light (I) is on and 2 if it is off. If the

sense light that was tested was on, it would then be turned off after the execution of the subroutine.
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3.

Overflow and Underflow
a. When a number:becomes-too large to be handled by the computer, a condition called overflow exists.

A number that is too small, a decimal fraction with too many zeros betweeni the decimal and the 1st
significant digit,causes underflow. These conditions may be tested by a subroutine called OVERFL.

h. The form of the statement is
CALL OVERFL (1)
where I is an integer variable name. When an overflow exists, 1 is set to 1, when an underflow exists, I
is set to 3, when neither condition exists, I is set to 2.

c. Execution of the subroutine includes resetting the computer to a no overfb-A: condition.
d. A computed CO TO is usually used after as. overflow to direct the computer to various error messages.

Division by Zero
a. An attempt to divide by zero will cause the computer to indicate a "divide check." However, the pro-

gram is not interrupted, but continues as if the division had been completed.
b. To check the status of this "divide check" indicator, a subroutine DVCHK (I) has been supplied by

the manufacturer.
c. The statement is

CALL DVCHK (I)
where I is an integer variable which will beset to 1 if the indicator is on and 2 if it is off.

d. As is th'e case with OVERFL, the subroutine resets the indicator to an off condition.
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PROBLEM SUPPLEMENT

Algebra Section I

TWO-POINT

This program will determine the distance between any two points provided the rectangular coordinates are known.

X1 - the X coordinate of the first point
Y1 - the Y coordinate of the first point
X2 - the X coordinate of the second point
Y2 - the coordinate of the second point

VARIABLES

Write
Program

-7

ascrip-
tion

Read

x1,x2'Y12Y2

DIST

'-xl) 4(Y2Y1)

Write

x12x22Y12

y

no Last
roblem?

yes
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IBM FORTRAN Coding Form
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THE SQUARE ROOT OF COMPLEX NUMBERS

This program determines the square root of complex numbers by the algebraic process of equating 7:)Wf."---141 to A+Bi

squaring both sides and equating the real parts and the imaginary parts. The resulting system is solved by the simulta-
neous method for A and B. A considerable amount of the solution must be obtained by algebraic methods before pro-
gramming is begun. The algebraic solution follows:

)7+Y1. = A+Bi

X+Yi A2+2ABiB2

(1) X A2'-B2

Yi = 2ABi

(2) Y 2 2AB

A =
2B

(1) X ,(2B)2 _B2_

X
Z

4B"

Y2-4B44B2X z 2-4B4

108

4B2K+04 = +Y2

4B4+4B2x = +Y2

B4 +B2X
4

B44.132X4X2 n
4
Y2 t X274

032+Ki2 y2+x2
2' 4

22XX q. t)C
2

÷--
2 2

B2 = P4 X
2

B

1.

11111....

X

2



VA R I A 13 L ES

- the real part of the given number
I - the coefficient of the imaginary part of the given number
A - the real part of the solution
13 the coefficient of the imaginary part of the solution
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DIVISION OF COMPLEX NUMBERS

This program determines the quotient of two complex numbers.
Multiplying the numerator and denominator by the conjugate of the denominator must be accomplished prior to

writing the program.

a+bi r+eic+di
abi c-di (ac+bd)+(bc-ad)icdi c-di cz+dz

r acbd
c2 +d2

bead
ic +d

1 10



A - real part of numerator
C - real part of denominator
B - coefficient of imaginary part of numerator
D - coefficient of imaginary part of denominator
REAL real part of quotient
ENING - coefficient of imaginary part of quotient
DENO denominator of quotient

VARIABLES

111

Read
a,b,c,d

RNUM=

acfbd

DENO=

c2 +d2

REAL=
RNIJM

TETITS

EMAG=

NUM

DENO

Write
REAL
EMAG

Last
Problem

no

yes

End



IBM FORTRAN Cmhnq Form
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FORTRAN STAIEWENI
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RNLI
__t N it /4?___B

DI. NO

RIM.
E:MAG

_ WRl_T
_ F0 RiAT___(2X

G.0.

CALL

AT._. (.4
g__-/Nfk(

itC

+ C_414

s RNLAIW,01N
.__E NAMLD,N
E(.."3,72

o _Zo
EXIT

,.0
f. 1 ., Z)
t 84.D. ___
....AAA)._

2_,i-___D

).R EA.L
,_!_l- tE

\

, 1)

ii_it2__
0_ __
0
, E_MA.G

CO MP.L

______

EX_

_ _

QUOTIENT_
_____

_. _ 2

_5.0

.

-

.. .. .

.

ITERATIVE DEMONSTRATION
,

This program is a most powerful tool .of the programmer and demonstrates clearly the "replacement'. value concept.,
of computer programming. The technique can be found in most manuals of programming.

Given an equation such as:

3x - '4 =

Set each side equal to y:

y = 3x 4

y =

Sketch .a.graph with both equations on the same set of axes. The intersectioiTa these graphs is then considered to be an
approximation of the solution set of the original equation. ,

, Partially solving the original equation by normal algebraic methods yields:

gc + 4
(XNEW). 3

The approximation which was found on the graph is used to compute a new xt'Thetwo,valUes of X are then compared.
If the difference between the two is more than a predetermined 'PEST value, the new x is used in the expression .to.e. val-
uate another XNEW and the process. continues until a value equal to or smallerthan the TEST constant is reached.'

112
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The value of this program can he demonstrated l)\ changing the equation card only, and the input x value to solve
each. of the following:

X= .2E5x

X z cos(X)

sin(x) = 1og10(x)
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IBM FORTRAN Cuthny Form

771- rE-R tir ._DEmowsTA,9_7-/ 0J
COVII:Ali til WIF,ENI

(50;:c)( 4711.

. 177'. AB S. a E 141)

IL FCrk:S.T-. , 00 0059 4.51,.?,57T3
35 _114' )(14E14

47 .X3., Z.)_1 10.t4
F: Wkilc

C MAL EXIT

SORTLIST

This program will sort a list of numbers into ascending order. It accoMplishes_this by comparing adjacent numbers
and rearranging them if they are out of order. This is an important technique in programming.

VARIABLES

the number of numbers in the list
A the actual numbers comprising the list
SAVE- a variable needed to keep a number when, its order is being 'changed. It would otherwise be destroyed when

another number is moved into its place: .
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st.ar t

Read
N

Read
A (1)

J=1.

I :1,N

yes

IN no

yes

SAVE:
A (I)
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A (I) =
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SAVE
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END
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f ORN,AIN fAlf

17.

Sl_j!tstr/p___A:6Lf,

DISTANCE FROM A POINT TO A LINE

Because this program gives the appearance of being relatively short and simple, it has the effect of impressing stu-
dents who follow its development:

It demonstrates vividly the advantages of simplifying all algebraic equations and combining them where possible so
that the complete program consists of a minimum number of statements.

The system

A
1
x+B

1
y+C :0

A x413 373C 02 2 2--

was used and solved for .x and y. The relationships used in the program were derived from these solutions.
The steps include:
i. Determi he slope of given line. Slope 12

B1

Using this slope determine the equation of the line passing through the point and perpendicular to the given
line. (The slope of this line is the negatiVe multiplicative inverse of the slope of the-given line.)

Slope 2°
B1

:3. Determine the point of intersection of the two lines. (Solve the system for x and y.)
4. Using this determined point of intersection and the gi'en point, find the distance between t bent.

d 4/(X2 2+( 2

Al the coefficient of X in equation 1

VARIABLES

116



A2 the coefficient of X in equation 2
131 the coefficient of Y in equation 1
132 the coefficient of in equation 2
C1 the constant in equation 1
C2 the constant in equation 2
XANS - the x coordinate of the intersection of the two lines
VANS the v coordinate of the intersection of the two lines
DIST the distance from the point to the line:

B

B2=

C2

A1Y -B1X

XANS

B1C2-B2C1
A1132 -A2B2

DINT

Las t
Problem
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SOLUTION OF QUADRATIC EQUATIONS

This program will solve any quadratic equation, including those with imaginary roots, provided the coefficients
A, B, and C are properly entered.

VARIABLES.

A the coefficient of X squared
B - the coefficient of X
C constant
D1S - the discriminant, b2-4ac
REAL - the real part of the complex solution
EMAG - the coefficient of the imaginary-part-of-the complex solution
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( Start _2)

----\.

Write
not a

Quadratic
Equation

Write
REALtEMAG i

AL-EMAG

End

Read
A,B,C

/

\\\Write

Given
Equatio

REAL=

DIS =

b2 -4ac

-13.14DIS
Xl_

2a

X2= -b-fDIS
2a
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....,7 _,R E A 1_ F._(_7_13.)(_(_ 2 ...0 X A_ )._ - ---
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,

WRIT -E(3, i )REM.,E.MAG,REAL ,EMAG .

t - i r 1 r
____...A .. F_O R hlA.1_1 ..2.1( ,..t_l_f_!.._,_f_1..0 ._24___t _`__..F_10 ..2..)__1 _.,./..,.: X.2..F.._!_i il..0_._,21.,__:__,

GO T 0 10 . . ..

__ioo ..ICA.u. .EXIT . _ . . .

.END
!

1 f
. .. , ..

LOCATION OF REAL ROOTS (SUBROUTINE)

The subroutine finds real roots between 2 points (XO,f(XO) ) and (Xl,f(Xl) ). This is accomplished by. bisecting
the interval X1,X0, and evaluating at the new X:3. IF X3 is within .00005 unit, it is declared to be the real root. If.
not, a product testingitilloWs. A positive product fOr X1°X3 indicates that the real root lies between X0 and X3.

_:;1;herefnrkhe -new XI is X3, and the bisection isrepeated. If a negative product for XI° X3 is determined, then the
real root lies between these 2 values and,the -new'XO is XS.

VARIABLES

__N...,....number.olterms in the polynomial
A(N) coefficients of polynomial
XO - upper limit of interval containing real root
Xl lower limit of interval containing real root
X3 - an evaluated intermediate term between XO and Xl
J - a counter index '
Value (A,X I,N ) another subroutine Which evaluates the polynomial at XI
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From
Main
Program

Call
LOCAT

(N,A,X0,
xi,ax,J)

Continue
in

Program

Subroutine
LOCAT

(N,A,X0,XI,
RX,

J=0
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PROGRAM GRAPHING

Although .a curve plotter is available for the 1130.computer, this program is included as a.demonstration for plotting.
Double subscripted variables.(IP) are used to identify points of a 41 x 41 array. This matrix is first filled with blanks,
then positions:which will represent the x and v axes are filled with dots., Integral pairs which satisfy the equation are
shown on the graph as asterisks. For this program, coefficients di--the p-olynominal (quadratic) ax2+bx +c =0 are read
into the program. This equation is evaluated for integral values of x from -20 to +20. Results of this evaluation are
compared with each of the y coordinates between -20 and +20 which might be paired With the x's. If the result of the
comparison is 0, the pair represents a point on the graph of the equation and ancasterisk is placed in storage for this
point. Finally, using a self-iiidexed WRITE statement, all values now occupying the matrix are printed: By changing
the arithmetic statement which evaluates the eqbation, and changing the statement which reads the coefficients ac-
cordingly, other equations could be plotted.

The input card contains a blank in column 1, a period in column 2, and an asterisk in column 3.
Separate graphs, each on a fresh sheet of paper, will be produced if several cards are used for.different values of a, b,

and c.
Space for the array-IP is reserved by the INTEGER statement rather than the usual DIMENSION statement.

A,B,C - coefficients of a quadratic equation
X,Y - coordinates of points on the graph

, BLANK - an alphabetic blank
DOT a period

'AST - an asterisk
IP - points of a grid
P - value of the equation

VARIABLES
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Read
BLANK, DOT

AST
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TEST

A useful demonstration for any type of class, this program is presented because of its versatility. It is not actually de-
signed for serious testing, but rather as a demonstration' that is easily understood, but is of a serious nature. It was first
written for mathematics classes, but later was used in social studies, english, and music. Substitution of appropriate
questions for the discipline desired, in the correct order is all that is needed to adapt this test to another subject matter
area.

PAGE. 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000. 0002 0002 0000

*IOCSIORCARD,TYPEWRITER,KEYBOARD91132 PRINTER,DISK,PAPER TAPE)
*LIST SOURCE PROGRAM
C PROGRAM TEST

777 WRITE(191)
1 FOPMAT(' ENTER YOUR NAME')
REED (6940) NAME

40 FORMAT (A30)
WRITE (1,41)

41 FORMAT (I ENTER YOUR PERIOD NUMBER')
READ(6,42)NO

42 FORMAT (12)
WRITE (1,2)

2 FORMAT('ALGEBRA TEST, **2=SQUARE',//9
1' THIS SECTION OF THIS TEST CONSISTS OF A SET OF STATEMENTS '

261.0 HE CLASSIFIED AS TRUE OR FALSE')
WRITE (1,25)

25 FORMAT (1 IF YOUR ANSWER IS TRUE, ENTER 1e, IF FALSE ENTER 2.')
WRITE(193)

3 FORMAT(' SAMPLE QUESTTON't//,
1' GIVEN THE FUNCTION F(X)=3(X-..1)**2+291/0THE GRAPH HAS A MINIMUM
2POINT.'/WENTER YOUR ANSWER' /,)
READ (6,30) ANS

30 FORMAT (F4.2)
IF(ANS- 1.)61,60,61

60 SCORE=20
WRITE(1,4)SCORE

4 FORMAT(' YOUR ANSWER 15 CORRECT.YOU HAVE SCORED',F7.2 //)
GO TO 16

61 SCORE=00
WRITE(195)SCORE

5 FORMAT(' YOU GOOFED.YOUR SCORE ISI,F72//)
16 WRITE (1,6)
6 FORMAT(' THE REAL TEST BEGINS HERE0',//' THE EQUATION OF THE AXIS
1OF SYMMETRY IS X=1.19//,' ANSWER 1. OR 201)
READ (6,30) ANS
SCORE=00
IF (ANS...10)69,62963

62 SCORE=SCORE+24,
63 WRITE (1,7)
7 FORMAT( THE COORDINATES OF THE VERTEX ARE (.".1,2)1//)
READ (6,30) ANS
IF (ANS - 1.)64,65,6.4

64 SCORE=SCORE+2
65 WRITE (1,8)

FORMAT('THE GRAPH 15 A HYPERBOLA' //)
READ (6,30) ANS
IF (ANS.-1.) 66967966

66 SCORE=SCORE+2.
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67 WRITE (10)
9 FORMAT('THE MAXIMUM VALUE OF THE FUNCTION IS 2'//)

READ (6,30) ANS
IF (ANS - 1.)68.69.68

68 SCORE=SCORE+24
69 WRITE (1110)
10 FORMAT('THIS GRAPH IS SYMMETRIC WITH RESPECT TO THE Y AXIS' //)

READ(6,30)ANS
IF (ANS14070,71,70

70 SCORE=SCORE+24
71 WRITE (loll)SCORE
11 FORMAT(' YOUR SCORE ON THIS TEST ISI,F792//)

IF (SCORE-.74)72,73,74
72 WRITE (1,12)
12 FORMAT(' YOU NEED TO STUDY THIS AGAIN')

GO TO 80
73 WRITE (1,13)
13 FORMAT (' YOU BARELY MADE IT, STUDY MORE')

GO TO 80
74 WRITE (1,14)
14 FORMAT (I YOU PASSED, KEEP UP THE GOOD WORK')
80 WRITE (1,81)
81 FORMAT (I IF THIS IS THE LAST PERSON TO TAKE THIS TEST ENTER THE

1NUMBER 88.8801F NOT TYPE IN 0.')
READ (6,82)2

82 FORMAT (F5.2)
IF (Z- 88.88)777,555.777

555
ENCALLD

EXIT

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 10 PROGRAM 764

END OF COMPILATION

// XEQ
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PROBLEM SUPPLEMENT

Trigonometry Section II

POTRE

R and THETA must be given and the X and Y coordinates are found. This simple program is easily understood by
beginning trigonometry students, and can be programmed with only a minimum of practice in FORTRAN. 9 FOR-
MAT provides for spacing between answers.

R - polar distance
THETA - direction angle in degrees
RDINS - radians in theta
X - abcissa
Y - ordinate

VARIABLES

Describe
Program

Read
r,8

Change
Degrees

to
Radians

x= r cos 8
y= r sin 8

Write
x,y
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LISCO

This program illustrates input by a DO-loop. No data cards are required. The library function COS is employed. All
the trigonometry required is knowledge of the meaning of the cosine and changing from degrees to radians. A good
point to emphasize is the fact that the word COS cannot be used as a variable name, because it is the name of a library
function.

N - number of degrees in angle
X - real number for number of degrees in angle
RANG - radians in angle
C - cosine of the angle

VARIABLES
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Start D

Initialize
N c 1

'Change to
real no

_X = N - 1

V

Change X
to radians

(RADX)

C:COS(RADX)
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This program is similar to PROGRAM LISCO but since the tangent is undefined at 90°, provision for a message to
this effect is necessary. This is an easy program and could be assigned to be written by students after they have been
shown PROGRAM LISCO in class.

X - number of degrees in the angle
RANG - number of radians in the angle
S - sine x
C - cosine x
Y - tangent x

VARIABLES
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LAW OF COSINES

This is an extremely simple program using simple arithmetic statements. However, the introductory statement in 10
FORMAT requires more spaces than can be used on one card, so that the use of column 6 for continuation of longer
statements is illustrated. 40 FORMAT illustrates a method of spacing between problems.

B, C - given sides
ANGA - given angle in degrees
RANGA - radians in given angle
A - missing side

VARIABLES
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( Start

Describe
Program

1

Read
B,C, Angle A

Change

Degrees
to

Radians

1
a:..-:,

ib2tc1 -2bc cos A

no

End
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Describe
Program

1
Read X, Y

R =,r.2 4, y.2

t

Radians =
Atan (Y /X}

Change
radians to

degrees

4
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Write
R 9

Skip
Spaces

Last
Card

FORTRAN Cultist! Form
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PROGRAM MISFOR

This program is suitable for use in the early stages of b )th trigonometry and programming. It is similar to the pro-
gram REFOR, but unlike it, in that data must be entered o cards instead of on the console keyboard. It could be useful
as an assignment after the demonstration program REFOR has been used. One ambitious student combined MIS-
FOR and REFOR so that the new program could handle both types of problems. The radius vectors and direction an-
gles are first changed to complex numbers and then subtracted. The missing force is found as a complex number and
then changed to polar form.

VARIABLES

RR - the polar distance of the resultant
FR - the polar distance of the known force
RTH - the direction angle of the resultant in degrees
FTH - the direction angle of the known force in degrees
RRTH - RTH in radians
RFTH - FTH in radians
RX - X component of the resultant
RY - Y component of the resultant
FX - X component of the known force
FY - Y component of the known force
F2X - X component of the missing force
F2Y - Y component of the missing force
F2R - the polar distance of the missing force
F2TH - the direction angle of the missing force in degrees
RF2TH - F2TH in radians
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Read
RR, FR
RTH, FTH

Change
RTH, FTH
to Radians

RX
RR x cos(RRTH;

FX =
FR x cos(RFTH:

RY
RR x sin(RRTH)

FY
x sin(RFTH)

F2X

RX - FX

140

TAN- F2Y
F2X

RF2TH
tan-1 TAN

Change
RF2TH

to Degrees

Write
RR, RTH
FR, FTH
2R F2

CEncl.)
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RITR I

To practice the technique of using subroutines, students wrote program RITR1. Most of the techniques had already
been covered and this was the culminating activity for some students. Others who were more ambitious wrote similar
programs for the solution of any triangle. This program clearly illustrates the_need for flowcharting, as well as control

. cards needed for naming the main program, and for storing and deleting the program and the subroutines.

SUBROUTINES

A. AOPSI

Subroutine AOPS1 solves for the missing parts when an angle (ANGX) and the side (X) are given. The values
which are used in the subroutine are those values which are listed in the CALL statement. The results are re-
turned to the main program so that they can be labeled properly in the printed output.
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ANGX - given angle (A or B)
X - side opposite the given angle (a or b)
ANMIS - missing angle (B or A)
RANGX - radians in angle X
HYPOT - hypotenuse (c)
SIMIS - missing side (b or a)

VARIABLES

142

ANGX

X
Prom
CALL

ANMIS
90 ° ANGX

RANGX
ANG141_1[C

180

HYPOT
X

S IN (RANGX)

SIMIS =

HYPOT2

Return



B. SIHYP

Subroutine SIHYP solves for the missing parts when a side (X) and the hypotenuse (Z) are known. The dummy
variables X and Z are replaced by the values used in the CALL statement.

VARIABLES

X - given side (a or b)
Z - hypotenuse (c)
SIMIS - missing side (b or a)
TANA - tangent of angle opposite the given side (A or B)
RANGA - radians in angle (A or B)
ANMII - degrees in the angle opposite the given side (A or B)
ANM12 - degrees in other missing angle (B or A)

143

X , Z

From
CALL

V

SIMIS

Z2 X2

1

TANA =

X

S IMIS

RANGA =

tan 1TANA

ANMI 1 =

(RANGA)X 18 0°

ANMI2
900 ANMI 1

Re turn

End



C. ANADS

Subroutine ANADS solves for the missing parts when an angle (ANGX) and the adjacent side (Y) are given.

VARIABLES

ANGX given angle (A or B)
Y - side adjacent to the given side (b or a)
RANGX - radians in given angle
HYPOT - hypotenuse (c)
SI MIS missing side (a or b)
AN NI IS - missing angle (B or A)

144

RANGX

ANGX X 71
180

1

HYPOT
Y

COS (RANGX)

V

S INIS =
HYPOT2 -y2

ANM IS
9

Re turn

En



D. ANHYP(ANGX,Z)

Subroutine AN HYP solves for the missing parts when an angle (ANGX) and the hypotenuse (Z) are given.

VARIABLES

ANGX - given angle (A or B)
Z - hypotenuse (c)
ANMIS - missing angle (B or A)
RANGX - radians in given angle
SIM I I - side opposite the given angle (a or b)
SIMI2 - side adjacent to the given angle (b or a)

145

ANGX

From
CALL

ANMIS

90° ANGX

1

RANGX
ANGX x 7r

1800

1

SIMI1
Z X SIN (RANGE

SIMI2 .

6171----14112

Re turn



(I Start

1

Describe
Program

4

Read
A,B,a,b,c

Initialize
Variables

0

yes

no no no no No
Solution

e

AOPSI
(ANGA, A)

es

e

AOPSI
(ANGA, A)

dyes

Write
Given,
Results

es

AOPSI
(ANGB, B)

es

Write

Given,
Results

es yes

ANADS
(ANGA, B)

dyes

Write
Given,
Results

ANHYP
(ANGA, C)

dyes

Write
Given,
Results

(t)

ANHYP
(ANGA, C)

es

Write
Given,
Results

Solution

No
Solution

TWOSI
(A, B)

SIHYP .

(A,C) SIHYP

(B,C)

Solution

ANADS
(ANGB,A)

AMP
(ANCB,C)

es es

AOPSI
(ANGB, B)

Write Write
Given, Given,

Results Result9
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THE AMBIGUOUS CASE (S.S.A.)

This program will give a complete solution for a triangle if two sides and the angle opposite one of these sides are giv-
en. The sides must he less than 1000 and space for 4 decimal places is provided. The known parts are entered in the or-
der a, h, angle A. Angles are in degrees to 4 decimal Places.

a - side a
I) - s,ide b
ANGA - angle A
XANGA - radians in angle A

es no

no

Write
2

olution
Either:

sin B

b sin A
a

VARIABLES

Start

Write
Statement

of-

Problem

Read a, .b

Angle A

Change A
to Radians

A > IT
2

es yes
a >b

Write
Only. One

olution

1

sin .B

b in A
a

cos B

1 -sing B

150

no

Write
No

olution

tan B

sin B
cos B



Li/)

cos B = Angle B

i1-sin2 B
tan-1 B

tan B = Change
Angle B Tosin B

Degreescos B

Angle B

tan-1

Change
Angle B to

Degrees

Angle C =

1800-(A+B)

Change
C

to Radians

a sin C
sin A

Write
C,

ngle B,
Angle

7

Angle C

180° -(A+B)

Change
C to

Radians

a sin C
sin A

B2

180°-B

C2 =
180°-(At152)

-Change
Angle C2

to aadians

Side C2 =

a sin C2
sin A

write
Side C2
Angle B
nrge C

Write
C,

Angle B,
tr-rle C

Last
Card?

no

yes
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PAIGC.=/$0..- (APCAttiNa;13)
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YS. FAST.
SS, ,END
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REFOR

This program was written as an experiment in using the computer to teach the lesson. Not only are results computed,
but the method of computation is explained, so that the student can use the output as a study guide. Since the student
must enter the values on the typewriter, some ai;ditional interest is generated. Though the teacher who originated this
program used it frequently as a demonstration program, she felt that even more improvement should be made by allow-
ing for even more student participation.

The magnitude and direction of each of two forces are entered. The angles are in degrees. Both angles and magni-
tude may contain 2 decimal places. The method of solution is addition of the complex numbers which represent the
forces.

FORCA - magnitude of first force
DIRLA - direction angle of first force
FORCB - magnitude of second force
DIRLB - direction angle of second force
RADLA - radians in first angle
RADLB - radians in second angle
A - X component. of first force
B - X component of second force
C - Y corn onent of first force
D - Y component of second force
X - X component of resultant
Y Y component of resultant
R - magnitude of resultant
DIRLX - direction angle of resultant

VARIABLES
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Read
FORCA

Ask For
DIRLA

Read
DIRLA

Ask For
FORCB

Read
DIRLB

Write
lethod to
be Used

Write
Directions
or Chan
to

s

RADLA

DIRLA x 71"

1800

RADLB =

DIRLB x '7l
1800

Write
Directions

For
Computin

B,C,D

A
FORCA x

COS (RADLA)

B

FORCB x
SIN(RADLA)

...
C =

FORCB x
COS(RADLB)
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D
FORCB x

SIN(RADLB)

\
Write
,B,C,D

Write
A4Bi
C+Di

.Trite

Complex
Add 2

Number

X=A+C



\DWrite

Change
Back to
egree

Write
R

.RADLX

155



DIRLX
360°+DIRLX
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PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0001 0001 0000

V2 M05 ACTUAL 8K CONFIG 8K

// FOR
*IOCS(CARD,TYPEWRITER,KEYBOARD,1132 PRINTER,DISK,PAPER TAPE)
*LIST SOURCE PROGRAM
C PROGRAM REFOR

222 WRITE (1,1)
1 FORMAT ('THIS PROGRAM WILL FIND THE RESULTANT OF TWO FORCES WHICH
:ACT SIMULTANEOUSLY AT THE SAME POINT ON A BODY' //,
VENTER THE MAGNITUDE OF THE FIRST FORCE TO THE NEAREST HUNDREDTH')
READ(6,2)FORCA

2 FORMAT (F7,2)
WRY.TE(1,3)

3 FORMAT (' ENTER THE DIRECTION ANGLE OF THE FIRST FORCE TO THE NEAR
lEST HUNDREDTH')
READ (602)DIRLA
WRITE(1,4)

4 FORMAT (' ENTER THE MAGNITUDE OF THE SECOND FORCE TO THE NEAREST
1HUNDREDTH')
READ (6,2) FORCB
WRITE (1,5)

5 FORMAT (6 ENTER THE DIRECTION ANGLE OF THE SECOND FORCE TO THE NEA
'REST HUNDREDTH')
READ (6,2)DIRLB
WRITE (1,6)FORCA,DIRLA,FORCA,DIRLA,FORCB,DIRLB,FORCB,DIRLB

6 FORMAWT( ;THE FIER2ST FORCE CAN

RBWE
BY THE COMPLEX NUMBER

if1H'-AgiPORSCA7119 EANYirg7PEWBM6tR C+DIt
3C=1,F7.2o1COS',F7.2,1AND D',F7.2,1SIN'tF7.2)

(1,7)DIRLA,DIRLB
7 FORMAT ( 'THE TABLES IN THIS COMPUTER ARE IN RADIANS SO IT IS NECE
1SSARY TO CHANGE DEGREES TOP/!,'RADIANS. WE DO THIS BY MULTIPLYING
2 THE NUMBER OF DEGREES BY PI AND DIVIDING BY 180.'//,
31RADLA=1,F7,12,1 X 3.1416/180.',//,
4'RADLB=1,F7.20 ' X 3.1416/180.'//)
RADLA=DIRLA*3.1416/180.
RADLB=DIRLB*3.1416/180.
WRITE (1,8)RADLA,RADLB

8 FORMAT (1 RADLA=1,F7.4,5X0RADLB=1,F7.4 //)
WRITE(1,9) FORCA,RADLA. FORCAsRADLA,FORCB,RADLB,FORCB,RADLB

9 FORMAT (1 A=1,F7.2,1COS1tF7.4,/,
11(3=1,F7.2,1SINI,F7.4,/,
21C=1,F742,1COS/tF7o4,/,
3 °D=1,F7.2,1SIN'tF7.4//)
A=FORCA*COS(RADLA)
B=FORCA*SIN(RADLA)
C=FORCB*COS(RADLB)
D=FORCB*SIN(RADLB)
WRITE(1910)A,B,C,D

10 FORMAT (

1 18=',F9.4,/,
21C=1,F9.40/1
31D=1,F9.4//)
WRITE (1,11)A,B,C,D

11 FORMAT (1A+BI=1,F7.2,1+1,F7.2,1I,/,
11C+DI=1,F7.20+1,F7,2,1I1//)
WRITE (1,12)

12 FORMAT (1 TO FIND THE RESULTANT WE MUST ADD THESE TWO COMPLEX NUMB
1ERS')
X=A+C
Y=B+D
WRITE(1,13)XtY

13 FORMAT(' THE COMPLEX NUMBER THAT REPRESENTS THE RESULTANT IS', //,
1F7.20+1,F7.2,111//)
WRITE (1,14)

14 FORMAT ( 'TO CHANGE THIS COMPLEX NUMBER WE USE THE FORMULA',/,
11R=SORT(X**2+Y**2),AND TAN(RADLX)=Y/X0//)
R=SORT(X**2+Y**2)
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IF (X) 115,25,115
25 IF(Y)26,127,28
127 R=041

DIRLX=0.
GO TO 116

26 RADLX=3.0.3.1416/2.
GO TO 126

28 RADLX=3.1416/26
GO TO 126

115 RADLX=ATAN(Y/X)
126 WRITE (1,15)R,RADLX
15 FORMAT( 'R=soF7.2.1RADLX=1,,F9.4,//0
1'CHANGING RADIANS BACK TO DEGREES WE MULTIPLY RADIANS BY 180. AND
2DIVIDE BY PI')
DIRLX=RADLX*180./3.1416
IF (DIRLX)35,116,116

35 IF (DIRLX+90.)36,1160116
36 IF (DIRLX+180.)38,116,37
37 DIRLX=180 +DIRLX

GO TO 116
38 IF (DIRLX+360.)39,116,116
39 DIRLX=360.+DIRLX

GO TO 116
116 WRITE (1,16)RoDIRLX
16 FORMAT ( 'THE RESULTANT FORCE IS',F7.2,/,
1' THE DIRECTION ANGLE IS',F7.2,'DEGREES')
WRITE (1,17)

17 FORMAT IF YOU HAVE ANOTHER PROBLEM TO SOLVE ENTER .99990 IF NO
1T ENTER 0.')
READ (6,18)Z

18 FORMAT (F7.4)
IF (Z..-.9999)111,222,111

111 CALL EXIT
END

FEATURES SUPPORTED
IOCS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 38 PROGRAM 1152

END OF COMPILATION
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PROBLEM SUPPLEMENT

Advanced Mathematics Section III

LIMIT OF SIN X
X

This problem shows that the limit of SIN(X)/X approaches the value of one as X approaches zero.

INPUT K - lower limit of X
L upper limit of X
M interval

OUTPUT PUN notation for X in terms of P1
D - degrees in X
X radians in X
SINX sine of X
Q - SINX/X
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IBM FORTRAN CodIng Form
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t,Aitaid'(..11.,:,_11,41:441
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s:rmi2_64
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j.tt;_6 )4,i114 X, !%7414-4
Li_t LEI: di:M/6411X

LNr

NX , 7X INX )

9 ..6 3A ,.F 9..6., 3,X..,.f 9 .

t ;r i

[.
. 1'7

4)

1 2 1 5 4, 7 e a 15 11 12 ./ 11 IS 1, IS 19 .111, ,1 ,) .1

AREA UNDER A CURVE
(TRAPEZOIDAL RULE)

This program finds the area under the curve by the trapezoidal rule in the form:

AREA =((X(2)-X(1))/2)*(Y(1)+2.°SSUM+Y(M) )

INPUT
A - lower limit(1)
B - upper limit (2)
N - number of intervals

FUNCTION: y= 1/x

OUTPUT:
X - X coordinate
Y - Y coordinate
AREA

R is used to reduce error due to binary system (it is not necessary).
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IBM FORTRAN

..'P1+1 I EVEN1

TF.:(111A T1.1.014___RI.X_ _T. Ma
T-

.T.RAPTi.L SWI

.

LL.
_ . ME.NS.LON_A_(.6 0), Y.(15 . I

.

1)1.

.R t (2 1 )A , Real
1 FORAlAT(2F8. 2,1,5)

Rt O. 0 .

/4/s1.4.1
DO 210 1.1 _

St1MSIA14.'R. .

X ( S.4.01

Y(L) 1. /X(z)
R_: AV.FL_O_AT.(N)_+ ..0 0 00 1_

_ 20 COATI-NUL
.41_fatl :0.0
".100. 30 LT

... 3_0 ;SSI1 scoltAttitY.(1)
)?/z.. *.(y(1).t. SSut44 Y.(m))

,'W.1:1 1.(.3, _21).
2 .iffa.2 TCHt14'..x. F

3)..AR.E A_
3 IF.O. "T_(.1X I 6.41

1&.0. TO .40. . . .

'CALL .Ex.1

7

ELLIPSE

This program will find a list of facts about the ellipse of the form:

(Y-K)2.
A2 B2

=

1

INPUT: H,K,A,B

OUTPUT: Focal point (x,v)
Vertex (x,y)
Length of major axis
Length of minor axis
End points of minor axis (x, ,v, ) and (x2 ,v2 )
Eccentricity
Focal width end p.oints
Focal width
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VERT,LXK.I.A

ZMAJ=2.*A

ZMIN=2.*B

YFOCI.XK

VERT=Hi.A

VERTS:H -A
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XMIN=2.*B

EPMN=XK-B

EPM.IN:X10-B



EPMN3:H -B

YEPMN :XK.

Y P X K
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IBM
ELLIPSE

A

FORTRAN Gado.% Form
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INVERSE OF ANY MATRIX
(GAUSS - JORDAN)

This program finds the inverse of any square matrix using the GAUSS JORDAN transformation method.

INPUT-
A matrix

OUTPUT
A matrix
Elements of inverse

If data switch 0 is up the program will iiutput each transformed matrix relative to A and to B (Identity Matrix )
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Finding the
Pivot
Point

KNIN

t

I.J.,IJ.1.1

'41-----U.3

Jr.IN

J=J+3.
..,



Interchanging of
Rows

C (I) =

A (M, I)

N2 =2 *N

169

I=1

A(M,I)=
A (K, I)

B(M,I):
B (K, I)



c:J
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12 ol AJ=A(IN,IN)

AS

\ Write
no

%\ Inverse/

6

Creation of
Zeros in the
Column Contain
ing the Pivot
Point
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Dividing the Row
by the Pivot Point

XI:
A(J.I)



A(J,I)-
XI*A(IN, I)

B(J,I)-
XI*B(IN,I)

Write J=1,N
A(I,J)

Write Js1,N
B(I,J)

172
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PROBLEM SUPPLEMENT

Chemistry Section IV

.SIP

This program takes any known volume of gas in milliliters at any known pressure in millimeters and any known tem-
perature in degrees Centigrade, and corrects this volume to standard conditions.

VARIABLES

INPUT: OV Original volume.
OT - Original temperature.
OP - Original pressure.

Output: The program writes out the values of OV, OT, and OP and also the corrected volume for each set of values.

v.
175



1BM
5" 7

I

)ov., orroe
71( 3Ft 0 .

id itE(3, Al) 0Y, or, D P
Fot144r(Ax,.% Tli _051 G u1 4L.

1 D .1.S /41_605v t_CP_ _.F 0 ,
o.F .Pg E$51/.

7_1(g_ 2 7 3 . . .

Cle g o _ 71_0 . 7K .
weire-3,3).c.v . .

3 F 110)07 (2)( _ VOLUME. CO

FORTRAN Codmq For

OCAlliAN STAIImEtd

1 IL rt I 1- t
i?11PARS'. .4.d

2X LA- 1_10 r
rt.Ayen pe../._,J -t-

I L,/)
0 0 'Si

I- J. Mt I _T

s/, ,g9( 1. I I.

C TO F TO K

This program converts Centigrade temperatures to Fahrenheit and also to Kelvin degrees.

Input: None

Output: All Centigrade temperatures between 1 and 100 degrees with the corresponding Fahrenheit and Kelvin
equivalents.

This' program could be easily modified to produce Centigrade readings when Fahrenheit is available_ , or any other
combination.

N.5

C - temperature in Centigrade
F - temperature in Fahrenheit
PAK - temperature in Kelvin

VARIABLES
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Write
Column
eadings

K

C(K) a K-1

F(K)

9
x C(K)+32

5

Write
C(K),F(K)
PAK(K)
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PH

This program converts PH values to the corresponding hydrogen inn concentrations.

Input: PH values between 1 and 14,

Output: The corresponding hydrogen ion concentrations.

This program could be modified to produce 11 values from hydrogen ion concentrations.

VARIABLES

PH - Scale of acidity and basicity
H - hydrogen ion concentrations

..
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EINSTEIN'S EQUATION

This program will solve the Einstein equation, Finding the energy involved when each of the 10:3 elements is convert-
ed into energy.

X - atomic weight of each element
E - the list of elements
C - speed of light in cm.

Start

Read
X (I)

3 x 101°

E(I)
X(I) x C2

103?

yes

Write
E (I)

I 1,103

no

Write
E (I)

1,3

4,6

VARIABLES
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REXP

This program will find the experimental value of the Universal Gas Constant, compare it to the actual value, calcu-
late the average and percent of error for each member of a class of 25 students.

VARIABLES

Input: V(1) - Volume of gas in liters.
P(I) - Pressure of gas in millimeters.
T(1) - Temperature of gas in Kevin degrees.
XN(1) - Number of moles of gas.

Output: R - Experimental value of gas constant.
VM - Molar volume constant.
ABER - Deviation of R from accepted value.
RAV - Average value of R.
PCER - Percent of error of ABER from the accepted value.
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Read
V(I), P(I)
T(I), XN'T)

\
Write
Column
eadings

I = 1

P(I)

P(I),

760

L., 1,25

. R
V(I) x P(I)
T(I) x XN(I)

VM =
R x 273

ABER w
.0821-R

PCER

ABER x 100
.0821
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HALF LIFE

This program will determine how-long it will take a radioactive sample of known mass to decay to some desired mass,
or if the desired mass is 0 , to decay to one atom.

VARIABLES

Input: XM - Mass of sample in grams.
GM - Mass after reduction in grams.
AN - Avogadro's Number - 6.023 x 1023 ,(Note) AN is in E Format-T:16023 E 24
TH - The halflife of the particular isotope.
XMN - The mass number.

Output: The time required in years (or in same units as TH).
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GAS ANALYSIS

Problem: A mixture of hydrogen, carbon monoxide, methane and nitrogen has a volume of 20.0 milliliters. To this is
added 25.0 rols. of oxygen and the mixture is ignited. The resulting cooled gas is found to have a volume of 23.9 mls.'
and to contain 6.2 mls. of carbon dioxide and 12.1 mis. of residual oxygen. This program calculates the percent by vol-
ume composition of the originafgas by the useot matrix algebra.

Input:

Output:

Cl = 0.0
C2 - 0.5
C3 - 1.0
C4 - 1.5

C5 - 2.0 .

do

VAlABLES

AVIV - mixture volume
AOV - oxygen volume.
CGV , cooled gas volurre
CDV carbon dioxide vodirrie
ROV - residual oxygen volume

W - volumeof hydrogen
X - volume of carbon monoxide
Y - volume of methane
z - volume of nitrogen
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PROBLEM SUPPLEMENT

Physics Section V

FREE FALL.

This rrogram will consider an object falling under the influence of gravity from any height and compute the time it
w;i1 tak.. a strike the ground. It will also compute the final velocity of the Object, All other forces; including air resis-
tance are .;pored.

VARIABLES

DIS the height from which the object falls
TIME - the time it tkjil take to fall
\TEL the velocity of the object as it strikes the ground;

'Write
Documen-
tation

Ask foi
DIS

READ DIS

TIME

SQ.:U(2 x DIS)
32.08
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EINSTEIN

rogram.will give the theoretical increase in length an object undergoes as it approaches the speed of light. It
also accounts for the theciretical increase in time.

Great facility can be obtained through the alteration of the limits of the DO-loop governing the velocity of the object.

XLEN - the length of the object at rest
XVEL the velocity of the object
XNTIN4 the relative length of time

.XNLEN. - the relative length of the object

VARIABLES
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ROCKET

In a rocket, fuel is continuously being burned at.a tremendous rate: Consequently the mass of the rocket is constantly
decreasing while the force of the rocket engine remains constant. situation results in a continual increase in accel-
eration as predicted by the F = ma.

This program will compute the mass, acceleration, distance traveled, and velocity of the rocket at one second inter-
krtwo minutes.

VARIABLES

FORC - force produced by the rocket engine in lbs. or nt.
RATE. - rate of fuel consun ption in mass/sec..
XMASS mass of the rocket and fuel.
ACC - acceleration.
DIS - distance traveled.
V - velocity of the rocket.

fo
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T. TO
. X M4 Sr5 (I) :-Pth $4i-."-RitAte/2!
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1 RirE(3, £4).
22. '11AB-5!) SY gcelpEby-201/1., 8,Y,

P-rri;(4i/i/
fd Cr 3 ,2 )(X/fASS(_ Pala); 1X5 (X) V (X)

11 ROMA T e2)(ji . .13j Flo.13).144
041.4

I ND

AYEa.

LIGHT INTENSITY

/Thisprogram solves the equation I-K 11 . The unknown term must he entered as the value

XI - the intensity of the light
XK - the candle power of the source

the distance of the source to the meter

VARIABLES
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THE INDEX OF REFRACTION

This program will find the angle of incidence if the angle of refraction isInewn, or vice-versa, for any given index qf
refraction.

VARIABLES

Q variable to determine which angle has been entered
AR - angle-of refraction
RI index of refraction
Al - angle of incidence
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Read
AI, RI

RD INS r.

AI x 3.1416
180

I

SINAR=

S IN (RD INS )

RI

COSAR_

1 S INAR2

4

TANAR

SINAR
COSAR
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RD INS =

AR x 3.1416
180

SINAI=
RI x SIN (RD

CO SA I=

si1 - S INA

TANAT::

SINAI
COSAI



ATAN (TANAR)

AR:
BAR

3.1416 y
k. 180.
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PARABOLIC MIRROR

This program uses a series of IF statements to determine the unknown value. After solving for the appropriate un-
knon, the program direction is determined through the use of a COMPUTED (X) TO statement.

III the height of the image
110 - the height of the object
SI the image distance
SO - the object distance
F the focal dis'tance

( Start ...2)

Ask for
HO, DI, SI,

SO, or r
or 999

VARIABLES

t:rite

,SI,

SO ,F
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ACCELERATION

This program is designed to make the computatiOnss necessary to compute a value for the average acceleration of a
body acted upon by a constant force. The most important data required by this program are the displacement positions
along the X axis.

N - the number of displacement positions
X - the values of the displacement positions
L - number of intervals
XI - initial position of object in each interval
XF - final position of object in each interval
DT - time constant for the intervals

- velocity
DV - change in velocity
XN ''number of values
AVGAC - average acceleration

VARIABLES
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Docurnenta-

tion

Read N

)Read X(I) I= 1,N

J = 1

I 341
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yes

XN
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